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SYMPOSIUM AND ROUND-TABLE CONFERENCE ON 
FUNDAMENTALS IN PALEONTOLOGY AT THE 
ST. LOUIS MEETING OF THE S.E.P.M. IN 1949 


INTRODUCTION 


I" THE course of preliminary discussions 
of the program for the St. Louis meeting 
of the S.E.P.M. (1949) the idea of a sym- 
posium on fundamentals in paleontology 
was conceived. Dr. Maynard P. White, the 
chairman of the program committee, in- 
vited several interested paleontologists to 
participate and thus a group of speakers was 
secured. Dr. George E. Condra agreed to 
serve as chairman of the symposium and 
moderator of the subsequent round-table 
conference. To him and to Dr. Maxim K. 
Elias was also entrusted the duty of securing 
the manuscripts from the participants of 
the symposium and the conference. 

Following is the program of the Sympo- 
sium: 


Introduction, by G. E. Condra 

A fusulinid slide rule, by M. P. White 

The role of Paleozoic ammonoids in pure 
and applied geology, by A. K. Miller 

Rates of evolution and measurement of 
geologic time, by L. L. Sloss 

Phylogeny and stratigraphy, by R. H. 
Flower 

The state of paleontology, by M. K. Elias 

Informal discussion, by H. B. Stenzel 

Informal discussion, by N. D. Newell 

Summary and suggestions, by G. E. 
Condra 


Thanks to the interest of many leading 
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paleontologists and stratigraphers the sym- 
posium and the conference were well at- 
tended, and under the direction of Dr. 
Condra an important discussion concerning 
fundamental issues in paleontology de- 
veloped. 

The following members of the A.A.P.G. 
and S.E.P.M. took part in the discussion: 

Kenneth E. Caster, Monroe G. Cheney, 
G. E. Condra, M. K. Elias, R. H. Flower, 
J. J. Galloway, C. R. McKnight, Lowell R. 
Laudon, A. K. Miller, Raymond C. Moore, 
Betty Nadeau (Kellett), N. D. Newell, J. W. 
Skinner, L. L. Sloss, H. B. Stenzel, Marcus 
L. Thompson, Charles W. Tomlinson, J. 
Marvin Weller, and M. P. White. 

The discussions which were started at the 
symposium in the morning continued at the 
round-table conference in the afternoon. In- 
formal presentations by Dr. H. B. Stenzel 
and Dr. N. D. Newell were made, and they 
were discussed by A. K. Miller, K. E. Cas- 
ter, G. E. Condra, J. M. Weller, M. P. White, 
M. K. Elias, and others. The manner of in- 
dicating some phases in the evolution of 
major groups of fossil organisms by graphic 
curves was the subject of detailed discussion 
between H. B. Stenzel and L. L. Sloss. 

The importance of cooperation in pale- 
ontological research was stressed by Condra. 
The participants agreed with him, and it was 
pointed out that attempts to sponsor such 
cooperation have been made in the past 
through a special committee of the A.A.P.G. 
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Dr. A. L. Lugn emphasized the advisa- 
bility of organized preservation of core 
records for the purpose of further research 
in both paleontology and sedimentology. 
Elias discussed the meaning of interruptions 
in the evolutionary lineages reported by 
Stenzel, and he suggested caution in apply- 
ing genetic terms to the various apparent 
changes in fossil populations. 

Following are the introduction and the 
concluding remarks by the chairman, Dr. 
G. E. Condra, Nebraska Geological Survey. 

“‘Paleontology covers a wide field of ac- 
tivity and service. It functions in well 
planned field surveys, technical laboratory 
studies, applied science and higher educa- 
tion. The subject covers more than the col- 
lection, study, and classification of fossils 
and the biologic origin of limestone, soil, 
peat, coal and petroleum. It involves the 
evolution of plant and animal life as evi- 
denced in the many geologic formations de- 
posited during long periods of time, and 
more than any other science, reveals a 
knowledge of how the varied and changing 
environment influenced the development of 
life and the natural use capabilities of 
present-day plants and animals, such as the 
grasses, trees, fish, birds, and so-called farm 
animals. A knowledge of the how-come or 
evolution of these forms of life is a valuable 
factual background of general biology, 
botany, zoology, ecology and plant and 
animal breeding. Paleontology is a compre- 
hensive subject closely and fundamentally 
related to stratigraphic, historical and 
technical phases of applied geology. Text- 
books present only an approach to paleon- 
tology, whereas well planned systematic 
surveys and research in the field and de- 
tailed laboratory investigations are the 
underlying fundamental approaches to the 
science of paleontology. The following dis- 
cussion is devoted to fundamentals in pale- 
ontologic research, the papers being pre- 
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contributions in this field.” 

At the end of the conference he expressed 
regret that “time limitations permitted only 
partial coverage of some of the most im- 
portant aspects of the organization of pale- 
ontological research which were intended 
for discussion. Paleontology is at the core 
of stratigraphy and correlation, which are 
fundamental in petroleum geology. It is the 
foundation on which historical geology is 
built, and a framework for the understand- 
ing and classification of the geology of the 
whole earth. 

‘“‘An adequate, reasonably complete and 
useful paleontological record can only be re- 
constructed through joint research by gov- 
ernment institutions, universities, and the 
laboratories of the petroleum industry. 
Further progress in paleontology, the sci- 
entific and utilitarian aspects of which are 
inseparable, depends on closer cooperation 
of research paleontologists, and it should be 
our aim to provide for integration of their 
individual efforts. The petroleum industry 
has aided immensely in accumulating ac- 
curate paleontological information, and it 
has produced some of our best paleontolo- 
gists. Some state geological surveys have 
contributed importantly to the fundamen- 
tals of paleontology, but unfortunately the 
importance of this phase of their activities 
has not been universally recognized. Federal 
institutions should restore closer coopera- 
tion in paleontological research with state, 
university and industrial paleontologists. 
This symposium and round-table conference 
were steps toward closer cooperation be- 
tween research paleontologists and they 
should be followed by further action in the 
immediate future. The American Associa- 
tion of Petroleum Geologists, and the 
petroleum industry, which it represents, has 
always appreciated the role of paleontology 
in petroleum geology, and should continue 
and strengthen its support of organized re- 
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A FUSULINID SLIDE RULE 


M. P. WHITE 
Gulf Oil Corporation, Ardmore, Oklahoma 





ApstRAcT—An application of the natural laws of evolution, as shown by changes 
in wall structure and composition, arrangement of chambers, form of test, etc., 
considered in the order of their importance, points to a simple logical scheme cover- 
ing the development of the fusulinids. It not only serves to indicate the stratigraphic 
position of any specimen but it also affords a check on the propriety with which a 
name is applied to it and prevents disturbing errors which have confused and re- 
tarded an understanding of these fossils. It is explained without the use of technical 
or morphologic terms or taxonomic names, in the belief that it is best understood 
when freed from such sources of possible confusion. 





INTRODUCTION 


The philosophic conception of an ever- 
present urge towards perfection in the 
structural investments of an organism for 
the necessary functions they serve in its life, 
associated with the principle of economy of 
accomplishment, affords great aid in the 
solution of paleontological problems and the 
much neglected theory of recapitulation 
supplies a proven basis for it. 

An easily followed plan for the fusulinids 
can be constructed, which serves as a close 
guide to evolutionary development, and 
thus to the stratigraphic position of any 
specimen, no matter under what name or 
names we care to classify it. It emphasizes 
the relation of the individual to the entire 
group by treating each morphologic feature 
in the order of its importance. Thus the 
emphasis is placed upon proven morpho- 
logic progress rather than on unevaluated 
differentiation. 

In such a plan we can recognize progres- 
sive development from the nautiloid plani- 
spiral with incompletely embracing to com- 
pletely embracing chambers, with retention 
of the ancestral or planispiral beginning in 
the early stage, to a form in which, though 
the planispiral portion may still be retained, 
the axis of coiling becomes the greatest 
dimension for the first time, on to a similar 
form which has lost the planispiral stage, to 
that in which the height of volution sud- 
denly increases, giving the appearance of a 
tightly coiled early stage, or a form which 
becomes uncoiled, or one in which the 
chambers are subdivided into chamberlets. 


Of even greater importance is the change 
from a four-, to a three-, a two-, and finally 
a one-layered wall, together with the relative 
proportions of the layers. The nature of the 
tubes which establish the necessary perfo- 
rate character of the wall, their growth, ex- 
tent, and even fusion are equally significant. 

We observe without surprise the tendency 
of the more primitive forms to outrange the 
more specialized. We distinguish the more 
complete recapitulation in microspheric in- 
dividuals and recognize and understand the 
nature of secondary filling. 

These simple expressions of development 
present in few words the factors that are es- 
sential to an understanding of the fusu- 
linids. If proper attention had been devoted 
to them, most of the glaring mistakes re- 
garding fusulinid development that have 
crept into the literature could have been 
avoided because they have to do with those 
character changes which are nonrecurrent. 


THE PLAN 


The simple, idealized sketches shown by 
text figures 1-20 diagram the plan. 

The four views of figure 1 represent the 
ancestral form, which outranges all its 
derivatives. Figure 2 represents the com- 
pletely embracing form with a sharp pe- 
riphery. Figure 3 shows the form from which 
all the later ones may have been derived. It 
possesses a rounded periphery but still re- 
tains the planispiral begining. Like the pre- 
ceding, it outranges most of the later forms. 
Figure 4 is the first in which the axis be- 
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Fics. 1-20—Sketches giving diagrammatic “explanation of the plan” as described in the accompany- 
ing text. 
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comes the greatest dimension. It still re- 
tains the planispiral early stage and has a 
considerable range. Figure 5 differs only in 
the loss of the planispiral stage. From it de- 
velop such large, greatly elongated, highly 
fluted forms as are depicted in figures 6 and 
7. The latter has multiple openings between 
the chambers. The intense fluting of the 
walls gave rise to the mistaken belief that 
its chambers are subdivided into chamber- 
lets. 

From forms like that of figure 5 were de- 
veloped those shown by figures 8 and 9, 
whose chief distinguishing characteristic is 
a sudden increase in the height of volution, 
giving the appearance of a tightly coiled be- 
ginning. These tend to obesity, and height 
and breadth become almost equal. 

From forms like that of figure 5 also arose 
those illustrated by figure 10, as a result of 
uncoiling in the later stages. 

From primitive forms like those shown in 
figure 3 developed a line of forms repre- 
sented by figures 11, 12 and 13, first by the 
loss of the planispiral beginning, next by the 
lengthening of the axis, and finally by late 
uncoiling. All these retain the stage depicted 
by figure 11, and none has conspicuously 
fluted walls. 

The form represented by figure 3 also 
produced a third line. This starts with 
figure 14, which differs by the loss of the 
early planispiral stage coupled with a 
tendency to broaden. This type lost the 
secondarily deposited material derived from 
resorptions of the walls which produced the 
openings between chambers as shown in 
figure 15. Secondary deposits reappeared in 
the form depicted by figure 16, but here it 
produced a series of small ridges on the 
floor of the spiral wall. The form illustrated 
by figure 17 differs in its shape. In its late 
stages the axis is the long dimension and it 
resembles forms in other lines which as- 
sumed a similar shape much earlier. Figure 
18 shows a form in which extensions from 
the upper wall meet those from the floor, 
thus dividing the chambers into chamber- 
lets. This form also has lost the early stage 
in which the height exceeded the length of 
the axis. Figure 19 depicts a final stage, and 
represents a fusulinid with external aper- 
tures and an imperforate wall. These char- 
acters,'not shared by other fusulinids, direct 


attention to the much more important por. 
tion of the plan which deals with wal] 
structure. 

The lettered sketches of figure 20 show 
the development of the various types of 
fusulinid wall. @ represents the typical, 
primitive wall of four subequal layers. The 
tubes which perforate it are parallel and 
penetrate the secondary deposit derived 
from resorption which produced the open- 
ings between chambers. 5b shows a wall of 
four divisions, but the two outer ones are 
reduced in thickness relative to the layer 
next below. The term relative is necessary 
because there is a tendency for the wall asa 
whole to grow ever thicker as evolution pro- 
duced individuals of progressively increasing 
size. Almost simultaneous disappearance of 
the two outer layers produced the wall 
shown in ¢ with three divisions, because one 
of these outer layers actually disappears be- 
fore the other. d shows the next stage, with 
but two divisions to the wall, which is still 
perforated by parallel tubes. e represents the 
stage in which the tubes do not extend com- 
pletely through both layers and in which 
the walls of the lower portions of the tubes 
tend to thicken, probably because of the 
addition of secondarily deposited material. 
In such a wall the tubes do not extend 
through the secondary deposit laid down on 
the floor of the overlying chamber. Further 
disintegration of the lower layer produced 
the wall shown in f, in which thickening of 
the tube walls suggests probable fusion of 
some of these structures. g illustrates the 
wall in which little remains of the lower 
layer and in which secondary material de- 
posited on the floor of the chamber becomes 
a characteristic feature. shows the in- 
creasing importance of the floor ridges and 
a simple one-layered wall, which might be 
mistaken for reversion to a primitive con- 
dition, but is not. 7 shows the beginning of 
differentiation in the single layered wall to- 
gether with increased growth of the floor 
ridges. These developments continue until 
the tubes of the wall and the ridges of the 
floor join and subdivide the chambers into 
chamberlets, as in j7. The final stage is il- 
lustrated by k where the floor ridges and the 
remnants of the former wall tubes show the 
results of continued alteration and the latter 
are capped by a thin imperforate cover. The 
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development of this type of wall was neces- 
sarily accompanied by the opening of 
multiple external apertures. 


APPLICATION TO FUSULINID PROBLEMS 


The first and greatest difficulty which 
arose in the study of the fusulinids resulted 
from failure to establish the detailed com- 
position of the wall. Although the wall is 
obviously calcareous, the most popular text- 
book devoted to the Foraminifera, which 
has gone through several editions, continues 
to list the fusulinids as arenaceous in the key 
and as calcareous in the text. Even if cor- 
rected, error would still exist in that text as 
it considers Endothyra, the ancestral form, 
as arenaceous, although the remainder of the 
Fusulinidae are properly listed as calcareous. 

This is not a simple slip caused by failure 
to relate an individual genus to this family. 
The original generic description of Codono- 
fusiella is in part as follows: “It most nearly 
resembles Fusiella, with which it agrees in 
having an endothyroid juvenarium, in 
having a very thin wall of two layers,” etc. 
Compare this with part of the generic 
description of Fusiella from the same book: 
“the wall lacks a recognizable diaphano- 
theca, consisting of tectum and thin tec- 
toria’’; in other words, the wall consists of 
three layers, not of two. It does recognize 
the possibility of a four-layered wall simply 
because it does fail to recognize the dia- 
phanotheca; or what is more likely, to 
separate it from the tectum. 

Belief in the existence of an external 
aperture, occasioned by the presence of 
chomata or material deposited at the sides 
of the openings between chambers, tended 
to permit continued belief in an arenaceous 
test. The absence of any external aperture in 
all but the most advanced variant among 
the fusulinids, however, is definitely proved 
by the fact that the antitheca extends com- 
pletely down to the surface of the underlying 
whorl where the aperture should be indi- 
cated in the drawing to the left of figure 
20-a. The test must be perforate, and there- 
fore calcareous, because no form can be im- 
perforate and lack an external aperture or 
apertures. 

It is true that the tubes perforating the 
wall were noted in the more advanced forms 
where their greater size made them more 


evident. However, they were not recognized 
as tubes and they were named alveoli, from 
alveolus, which means a hollow vessel, and all 
vessels must have bottoms. The tectum was 
considered to be the impervious layer that 
formed the bottom of the vessels, which is 
just what the term implies. Thus both terms 
should be discarded for the sake of clarity, 
because the so-called tectum is never im- 
pervious or nonperforate, excepting in the 
most advanced type of wall shown in 
figure 20-k. 

The beautifully silicified primitive forms 
from the Marble Falls limestone obviously 
possess the tubes, and they were mistakenly 
identified as Triticites, not as Fusulina. This 
confusion continues to the present day, and 
much Russian, Austrian, Japanese and other 
literature records the occurrence of Triti- 
cites stratigraphically below Fusulina. This 
was the real basis for confusion regarding 
the proper identity of Fusulina itself. For a 
long time both Cisco and Moscovian forms 
were referred to this genus. 

Although a four-layered wall was noted 
in Fusulinella, this genus also was improperly 
understood because it was not recognized to 
possess tubes. Other forms were confused 
with Fusulinella, as witness its being listed 
from both early Pennsylvanian and Per- 
mian beds in many regions. This resulted 
from failure to correctly identify secondarily 
deposited material on both sides of the two- 
layered wall of the Permian forms. These 
can be separated from Fusulinella by noting 
that the tubes of the wall penetrate only the 
two inner layers, whereas they penetrate all 
four layers in the early Pennsylvanian 
genus. I have checked this by studying mis- 
named Permian specimens from Russia, and 
a similar check has been made by Austrian 
workers on misnamed specimens from their 
country. I have little doubt that this con- 
fusion explains reported occurrences in 
China. 

Fusiella has been subject to similar con- 
fusion, which resulted from failure to recog- 
nize the so-called tectum, or to differentiate 
it from the diaphanotheca in this early thin 
walled form, only three of whose wall layers 
were distinguished. Most of the original 
figures of Lee and Chen (1930, pl. VI, figs. 
1-8) do not show these layers clearly, but 
their figure 1 of plate 2 (the same specimen 
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as shown in their figure 1 of plate 6, al- 
though this figure is not listed under the 
species) does because of its greater magnifica- 
tion and clarity. The layers can be seen in 
the figures of the first American forms de- 
scribed under this name, but the structure 
was improperly interpreted. A _ correct 
understanding of the wall structure of this 
form makes clear that the evolutionary de- 
velopment of the wall was from four to 
three to two to one layer, not from three to 
four to two to one as previously supposed. 

Axially elongated primitive fusulinids 
which retain the planispiral beginning have 
often been confused with microspheric in- 
dividuals of many of the more advanced 
forms. This is because the microspheric in- 
dividual’s chief distinguishing characteristic 
is the perfection of its recapture of its oldest 
recognizable ancestral planispiral stage. The 
figures of plate 24 show, however, that there 
is no need for such confusion. Besides re- 
capturing the planispiral stage, a micro- 
spheric individual, as the name implies, 
possesses a microsphere as a proloculum 
which should not be mistaken for the larger 
megalosphere of a megalospheric individual. 
In illustrating these differences I present on 
plate 24 both pencil sketches and actual 
microphotographs. Such dual representation 
is necessary because each type of illustration 
has its obvious advantages and disadvant- 
ages. 

Plate 25 shows microphotographs of the 
four-layered wall of a very primitive fusuli- 
nid and the two-layered wall of a much 
more advanced form. These clearly show 
that although such features are not as easily 
observed as one might wish, or as ideal- 
ized sketches might lead one to expect, they 
are unmistakably present. Note, for ex- 
ample, the obvious division of the walls, al- 


though this is not too sharply defined nor 
everywhere apparent. Note the parallel 
tubes passing through all layers including 
the depositional material in the more 
primitive form. Note their failure to always 
pass through both layers, and their failure 
to extend through depositional material jn 
the more advanced two-layered form. In 
this two-layered form note also the fusion 
of some tubes and the thickening of many 
tube walls. For proper understanding, such 
features must be sought and studied where 
preservation is most perfect. They cannot 
be determined in all parts of the illustrations 
which were made, not of average specimens, 
but from unusually good ones. This fact 
lends weight to the suggestion made by Drs, 
Gustava and Franz Kahler that workers re- 
frain from basing genera or species on speci- 
mens whose walls are not adequately pre- 
served. 


CONCLUSIONS 


This paper is not an exhaustive attempt 
to explain the morphology of fusulinids, but 
it calls attention to the fundamentals which, 
if carefully observed, will prevent continua- 
tion or recurrence of confusing errors. It 
barely mentions such variations as shape, 
form, filling, fluting, etc. In my own work I 
use transparent colored graphs showing ten 
or more such measureable characters which, 
by superimposing, make close differentiation 
possible, but these comparisons are made 
only after grouping on the basis of the more 
fundamental characters. I have found that 
averages are both significant and surpris- 
ingly constant, in marked contrast to the 
variable nature of measurements made on 
either side of the proloculum of a single in- 
dividual. This method suggests my title, ‘A 
fusulinid slide rule.” 





EXPLANATION OF PLATE 24 


Fic. 1—Camera lucida pencil sketch of the beginning stage of Schubertella, X210. (p. 128) 
2—Microphotograph of the same specimen, X44. (p. 128) 
a lucida pencil sketch of the beginning stage of a microspheric form of —_ 

X210. (p. 1 
4—Microphotograph of the same specimen, X47. (p. 128) 
a lucida pencil sketch of the beginning stage of a microspheric form .of Triticites, 

210. (p. 1 
6—Microphotograph of the same specimen, X36. (p. 128) 


7—Microphotograph of longitudinal section of a megalospheric specimen of Triticites in the 
seventh or last whorl of which can be seen a microspheric embryo, X41. (p. 128) 
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Text figure 5 shows specimens having a 
shape not attained in another line until a 
much later time (compare figure 19). The 
former may still possess a four-layer wall, 
while the wall of the latter consists of a sin- 
glelayer which is imperforate. These similari- 
ties and differences indicate that when we 
seek to determine the position of specimens 
in the evolutionary scale, and thereby esti- 
mate their stratigraphic position, this must 
be calculated, just as on the slide rule, by 
comparing differently weighted characters 
with each other. 

Any simple evolutionary progression, 
such as that outlined here, is not infallible. 
Minor variations and exceptions occur, re- 
sulting from unusual development of second- 
ary characters. Such exceptions do not, how- 
ever, detract from the value of the funda- 
mental controlling plan, expecially if the 
causes of the exceptions are noted and eval- 
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uated. In this connection mention need be 
made only of the difficulties occasioned by 
dwarf specimens, especially in regard to the 
comparison of measurements. 
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Fic. 1—Microphotograph of Fusulina, 200. 
2—Microphotograph of Triticites, X 200. 
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THE ROLE OF PALEOZOIC AMMONOIDS IN PURE 
AND APPLIED GEOLOGY 


(ABSTRACT) 


A. K. MILLER 
State University of Iowa 





The value of ammonoids as index fossils 
is well known. Although the scope of genera 
is being progressively narrowed, new ma- 
terial is continually being collected and de- 
scribed, and many of the restricted genera 
are proving to be of almost world wide 
distribution. Few Paleozoic forms have, 
however, been found in South America. 
Fairly recently, several characteristic Upper 
Pennsylvanian American genera (for ex- 
ample, Uddenites) have been reported from 
the southern Urals, suggesting that the 
evolution of the complicated ammonoids of 
the Permian from the relatively simple 
types of the Carboniferous may not have 
taken place exclusively in the region that is 
now southwestern United States, as has 
been generally believed. 


Occasionally, recognizable portions of 
large specimens have been found in well 
cores, and many small individuals are en- 
countered in various types of subsurface 
samples. The majority of the latter seem to 
represent only the immature portions of the 
conch, and we do not as yet know how to 
identify most of them with a reasonable de- 
gree of certainty. However, a few species 
never attained large size, and they can be 
used to good advantage in subsurface work. 
Small mature specimens can be differ- 
entiated from equal-sized immature in- 
dividuals by the fact that in the former the 
adoral sutures are closely spaced and each 
is essentially a duplicate of the one that pre- 
cedes it. 
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RATES OF EVOLUTION 
L. L. SLOSS 


Northwestern University, Evanston, IIlinois 





ABSTRACT—Figures on the number of species recorded in various categories of 
marine invertebrates may be plotted against computed points on the geologic time 
scale to produce curves which illustrate the frequency distribution of species in time. 
Investigation indicates that the frequency distribution patterns of a number of 
groups of animals for which sufficient data are available are represented by sym- 
metrical probability curves. The symmetry of the curves suggests a number of 
theoretical considerations in terms of rates of speciation and extinction, longevity of 
species, and the relationship between physical and biologic change. 





INTRODUCTION 


Charles Lyell appears to have been among 
the first to recognize the significance of 
quantitative data as applied to the distribu- 
tion of organisms in the time dimension. His 
subdivision of the Tertiary according to the 
percentage of modern forms represented at 
its various parts remains a classical example 
with useful connotations in present day 
thought on paleontology and biology. In 
contrast to the wealth of data and principles 
pertaining to modern animals and plants 
developed in the fields of experimental 
and applied genetics, for instance, relatively 
little quantitative data and relatively few 
analytical concepts pertaining to the time- 
distribution of organisms have emerged 
from the paleontologic studies of the past 
several decades. This lack is made under- 
standable by consideration of major deter- 
rents inherent in paleontologic data which 
serve to inhibit quantitative approaches and 
analyses. 

Among primary bases for studies of the 
distribution of organisms in time are the 
recognition of the degree of differentiation 
or diversification expressed by various taxo- 
nomic groups in successive intervals of 
geologic time, and the measurement of the 
life-span of such groups and their sub- 
divisions. With the increasing accuracy of 
radioactive age determinations, the dating 
of specific moments in geologic time and 
measurement of the duration of such major 
fractions of time as periods can be reason- 
ably well established. However, determina- 
tions of degree of differentiation, as ex- 
pressed by the number of species in an order 


or the number of genera in a class, are af- 
fected by the state of systematic taxonomy 
and the stage to which collection and study 
of any group has been carried. 

Taxonomic problems are, perhaps, the 
most fundamental obstacles to the quanti- 
tative approach. There is little agreement 
among paleontologists as to what consti- 
tutes a fossil species, and even less una- 
nimity of opinion on the definition of the 
higher categories. Therefore, calculations 
based on such data as the number of species 
of a certain order recognized in a certain 
period of time may be more affected by 
“lumping” or “‘splitting’’ than by actual 
biologic patterns. Nevertheless, it is not en- 
tirely unreasonable to assume that the 
number of taxonomic units recognized in a 
given group for a given interval of geologic 
time is some measure of the degree of dif- 
ferentiation. All paleontologists would agree 
that the trilobites were more varied in the 
Ordovician than in the Pennsylvanian and 
that the relative difference is partially ex- 
pressed by the number of genera recognized 
in the two periods. In other words, figures 
on the number of species, genera, etc., may, 
in many instances, be accepted as valid rela- 
tive data, but there is abundant room for 
argument as to the validity of quantitative 
manipulations of such data. 

Other objections to quantification are 
raised by the incomplete state of paleonto- 
logic knowledge. Each year thousands of 
new species are described as new collections 
are made and old collections restudied. It 
seems statistically sound, however, to as- 
sume that the data accumulated to date 


131 








2 ateamee 


CERI BAS NE REL ECE ae EB OTR VES ol BE ok om 


ROU a at a 


2 BIT A NF LE BEDI Ei TAIL 








132 L. 


represent a fair sample of the distribution 
pattern which will emerge on Judgment 
Day, when the last genus will have been de- 
fined and the last species named. 
Paleontologic data are also influenced by 
variations in the attention devoted to vari- 
ous areas and various portions of the strati- 
graphic column because of economic pres- 


L. SLOSS 


during successive periods of geologic time, 
The sources, nature, and quantity of the 
basic data employed in this study are in- 
dicated on Table 1. The following graphs 
are statistical representations of these data 
in which the age and duration of the several 
periods are those reported by Zeuner (1946) 
from Holmes, Lane, Urry, and others. 


TABLE 1.—CHARACTER AND SOURCES OF DaTA 







































































” ; eae \Taxonomic| Ma of 
Phylum laxonomic Subdivision Units Units Source of Data 
| Measured 

Protozoa ' Pecberate Foraminifera | species | 3192 Thalmann (1941-1947) 
Coelenterata Graptozoa | species | 809 Ruedemann (1947) ae 
Coelenterata | Tetracoralla | genera | 535 Lang, Smith, and Thomas (1940) 
Echinoderma | Paleozoic Pelmatozoa | species | 5568 | Bassler and Moodey (1943) _ shin 
Echinoderma | Irregular Echinoidea | species 4 70 | Clark and Twitchell (1915) 
Brachiopoda | Senerdledons | genera | 142 and LeVene (1929) 7 
Brachiopoda | Orthacea — |  ?aek ‘ies | 681 | Schuchert and Cooper (1932) 
Brachiopoda _| ‘Pestemeracen | tes 920 | Schuchert and Cooper (1932) 
Arthropoda | Trilobita a eo t 373 | Shimer and Shrock (1944) 


| 





sure, availability of fossiliferous exposures 
and other factors. The effect of these in- 
equalities is somewhat diminished if suf- 
ficiently large areas are encompassed, thus 
submerging the influence of any strictly 
local factors. Figures on crinoids, for in- 
stance, are faulty if only North American 
data are employed with exclusion of De- 
vonian and Permian material from Europe 
and the eastern Tethyan areas. 

In the face of these obstacles to numerical 
analysis several interesting and significant 
studies have appeared in the past few years. 
Examples are found in the treatment of 
fossil vertebrates by Simpson (1944), and of 
paleobotanical material by Small (1937, 
1938). More recently, the problem of evo- 
lutionary rates has been reviewed by Zeuner 
(1946) and was the subject of discussion by 
a number of authorities during the Princeton 
Bicentennial Conference in 1947. 

The present paper reports the preliminary 
and tentative results of a statistical treat- 
ment of the numbers of taxonomic units 
representing various invertebrate groups 


ANALYSIS OF DATA 


Histograms.—A simple and convenient 
method of plotting graphs based on two 
variables is by means of equal-area histo- 
grams. In the present case, time is plotted 
as the independent variable, the percentage 
of the total number of species or genera in 
any group in each period of geologic time 
being the dependent variable. Figure 1 
shows the time-distribution of species in the 
brachiopod superfamily Orthacea and gen- 
era of the tetracorals. Because of irregulari- 
ties in the data and because of the unequal 
durations of the time units used, the graphs 
are difficult to interpret except in broad 
generalities. That is, the graphs show the 
time interval occupied by the groups con- 
sidered and the general times of greatest dif- 
ferentiation, but rates of change are ob- 
scured or exaggerated and the irregularities 
are confusing. 

Cumulative curves—Many of these ir- 
regularities are smoothed out and more in- 
terpretable graphs result from plotting the 
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same data as cumulative curves in which the 
percentages of genera and species in each 
unit of time are cumulated from zero per 
cent at the beginning of a group’s time- 
range to 100 per cent at the time of extinc- 
tion. Such graphs indicate the number of 
species or genera evolved within a genetic 
group at any moment in geologic time. 
Cumulative curves for eight invertebrate 
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Fic. 1.—Histograms illustrating distribution of 
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Frequency curves——By reference to any 
standard statistical work, symmetrical cu- 
mulative curves are readily differentiated for 
representation as frequency curves. The re- 
sulting curves show the variations in fre- 
quency of genera or species as continuous 
functions of time and are not affected by ir- 
regularities in the time units employed in 
the basic data. Frequency curves repre- 
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species of the brachiopod superfamily Orthacea 


and of genera of the tetracorals in the periods of Paleozoic time. 


groups are plotted on figures 2 and 3. In 
these graphs a probability scale has been 
employed for the dependent (frequency) 
variable. The probability scale is so calcu- 
lated as to represent data with a normal 
probability frequency distribution (i.e., 
with a symmetrical frequency curve) as a 
straight line. 

The striking fact which emerges from the 
cumulative plots of these data on proba- 
bility paper is that each distribution pattern 
is represented by a straight line. Therefore, 
the time-distribution of recognized and re- 
corded genera (or species) in the groups con- 
sidered must follow closely the symmetrical 
pattern of the normal probability curve. 


senting the eight groups considered are 
plotted on figure 4. 

The areas beneath all the curves are the 
same, the height of the median and other 
ordinates being determined by the standard 
deviation or spread of the data on either 
side of the median. As would be expected, 
where major taxonomic groups such as the 
trilobites and tetracorals are involved, the 
curves are low and widespread in contrast 
to the peaked characteristics of smaller 
groups such as the Orthacea and Penta- 
meracea. In each case, however, the avail- 
able data indicate a symmetrical distribu- 
tion. 

Derivative curves.—A rate of change curve 
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may be derived from a frequency curve by 
using the varying degrees of slope of the 
frequency curve as ordinates of the deriva- 
tive curve. At each end and at the peak the 
frequency curve is tangent to a horizontal 
line; therefore, the rate of change of the fre- 
quency distribution is zero at three points 
and the derivative curve has a zero value at 
three points. At the inflection point of the 
rising limb of the frequency curve the rate 
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tual treatment of them by acceptable 
statistical methods. Opinion as to the valid. 
ity or significance of the data employed does 
not affect the geometry of the curves as jjl- 
lustrated. At this point it is interesting, jf 
not necessarily profitable, to explore a 
number of problems of interpretation which 
are raised by these analyses. It should be 
made clear that, in contrast to the objective 
treatment of the first portion of the paper, 
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cumulative percent 


Fic. 2.—Cumulative curves illustrating distribution of species of irregular echinoids, Orthacea, 
and Pentameracea, and genera of tetracorals. 


of change reaches its highest positive value 
and at the opposite inflection point the rate 
of change reaches its highest negative value. 
Figure 5 illustrates the rate of change of the 
number of species representing a given 
taxonomic group as a function of geologic 
time.! 
INTERPRETATION 


Thus far this paper has been confined to 
the presentation of certain data and a fac- 


1 In the discussion following oral presentation 
of this paper H. B. Stenzel pointed out that a 
similar, though not necessarily symmetrical, rate 
of change curve would be the derivative of any 
— distribution pattern which rises to a 
climax and declines. 


the following paragraphs involve insecurely 
substantiated theory, and are subject to 
question on a number of grounds. It is hoped 
that the thoughts expressed will be received 
in the inquiring spirit with which they are 
presented. 

Fundamental assum ption.—Acceptance of 
the data on numbers of species and genera as 
a valid measure of the time-distribution of 
varying degrees of diversification of various 
genetic groups is the fundamental assump- 
tion required by the theoretical remarks 
which follow. That is, it is necessary to as- 
sume that the cumulative and frequency 
curves illustrated are a reasonably true rep- 
resentation of the distribution of the taxo- 
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nomic units involved and that these are 
typical of the patterns to be expected in 
other groups. 

Symmetrical distribution patterns.—lIf the 
fundamental assumption is sound, the data 
analyzed indicate that there is a symmetrical 
distribution in time of the number of species 
or genera of a taxonomic group about the 
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Similarly, the essential portions of the 
curves for exocyclic echinoids and perforate 
Foraminifera can be constructed from pre- 
Quaternary data. Extrapolation as sym- 
metrical curves suggests that the great 
majority of echinoid genera have already 
evolved and that little further diversifi- 
cation of this stock is to be expected, 
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cumulative percent 


Fic. 3.—Cumulative curves illustrating distribution of species of perforate 
Foraminifera, Pelmatozoa, graptolites, and trilobites. 


maximum ordinate according to the equa- 
tion for the normal probability curve. 
Therefore, the degree of diversification of a 
genetic group and its pattern in geologic 
time is systematic and subject to mathe- 
matical analysis. 

Extrapolation of distribution curves.—On 
figure 3 the cumulative curve of trilobite 
genera plots as a fairly straight line, sug- 
gesting that sufficient data are available to 
establish the distribution pattern of this 
group even though pre-Cambrian data are 
lacking. Differentiation to form a sym- 
metrical frequency curve (fig. 4) indicates 
that an appreciable number of trilobite 
genera had appeared in the lineage as early 
as 60 million years before the dawn of 
Paleozoic time. 


whereas the perforate Foraminifera have 
another 70-odd million years to go before 
their species are reduced to an insignificant 
number. 

It is natural to speculate upon the possible 
distribution of long-range groups which had 
reached a high degree of diversification 
early in Paleozoic time. A good example is 
found in the inarticulate brachiopods—a 
group which had produced over 20 per cent 
of its total number of species by the end of 
the Cambrian and over 50 per cent by the 
end of the Ordovician. The cumulative 
curve for these brachiopods (fig. 6) is 
affected by loss of data in the early portions 
of its distribution and therefore plots as a 
steepening parabolic curve rather than as a 
straight line on probability paper. Approxi- 
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mate differentiation yields the skewed fre- 
quency curve illustrated by the solid line on 
figure 7. If it is assumed that the inarticu- 
lates had a symmetrical distribution which 
has been masked by lack of preservation in 
the pre-Cambrian, reconstruction of the 














and this may be attributed to environ. 
mental changes accompanying the Her. 
cynian pulsations of Paleozoic diastrophism, 
However, these same groups appear to have 
been unaffected by similar changes associ- 
ated with Caledonian orogenic phases, 
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Fic. 4.—Frequency curves produced by differentiation of cumulative 
curves appearing on figures 2 and 3. 








symmetrical curve by addition of the broken 
line on figure 7 is justified. The curve il- 
lustrated has not been constructed with 
rigorous mathematical standards; neverthe- 
less, it serves to suggest a long pre-Cam- 
brian history for the inarticulate brachio- 
pods. 

Relation to physical change-——What is the 
effect of the fundamental assumption of this 
paper on theories as to the relationship be- 
tween physical and biologic change? If the 
course of diversification of each genetic 
lineage is symmetrical and systematic, as is 
here assumed, there is no apparent evidence 
of influence by periodic or episodic changes 
in the physical geography of the epiconti- 
nental seas. Several of the groups investi- 
gated were manifestly greatly reduced or 
became extinct by the close of the Permian 


Other lineages are represented by smooth 
curves which pass without distortion 
through the times of Jurasside and Laramide 
movements. Moreover, there is no indica- 
tion of synchroneity of maximal rates of 
change in any of the groups investigated. 
Such synchroneity would be an expected 
product of a close interrelationship between 
abrupt environmental changes and the 
nature of the biologic complex. 

Rates of speciation—Simpson (1944) has 
discussed speciation as one of the signif- 
icant modes of evolution. The curves here 
under interpretation can not be directly 
analyzed in terms of rates of speciation 
since the basic data involve the numbers of 
species or genera recognized in various parts 
of geologic time, rather than their rates of 
appearance or extinction. However, certain 
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relationships are worthy of exploration in 
the light of assumed symmetrical distri- 
butions. 

The number of taxonomic units repre- 
senting any lineage during any part of geo- 
logic time is the number of units inherited 
from an earlier time, plus new products of 
speciation, and minus losses from the lineage 
through extinctions or taxonomically sig- 
nificant modifications. In considering the 
normal frequency curve and its rate of 
change derivative (fig. 8), the influence of 
two of these factors, rate of speciation and 
rate of extinction, is fairly clear. From points 
A to C on the curves the rate of speciation 
exceeds the rate of extinction with maximum 
increment of addition over subtraction at B. 
At C speciation and extinction are equal. 
From C to E the rate of extinction exceeds 
the rate of speciation with maximum loss 
of units from the lineage at D. The curves 
would have the same characteristics and 
significance under any of the following 
conditions: 

(1) Constant rate of extinction and sys- 
tematic variation of rate of speciation. 
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Fic. 6.—Cumulative curve illustrating distribution of genera of inarticulate brachiopods. 


(2) Constant rate of speciation and sys- 
tematic variation of rate of extinction. 

(3) Systematic variation of both attri- 
butes. 

Examination of the paleontologic record 
and its implications in genetics suggests 
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Fic. 5.—Diagrammatic curves showing relation- 
ship between frequency and rate of change. 
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clearly that the last condition obtains. 
Speciation is obviously at a high rate during 
the expansion of a genetic lineage (the area 
about point B on the curves) and is def- 
initely at a low rate at the asymptotic 
portion of the curve near EZ. Extinction is 
also at a low rate near E, as witnessed by 
the extreme longevity of remnant species, 
and must be low at A, the time of initiation 
of the lineage. In between, extinction may 
be considered to rise as new species appear, 
displacing less well adapted forms, reaching 


Inarticulate Brachiopods 


that longevity of individual units falls to a 
minimum at point C when the number of 
units is at a maximum, rising again as ex- 
tinction reduces the number of units present 
in any moment of time. It is clear the lon- 
gevity of individual units varies in some 
fashion as that described, but statements as 
to the geometry of the variation pattern can- 
not be readily defended on the basis of the 
data at hand. 

The writer’s concepts of the patterns 
formed by variations in speciation, ex- 
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Fic. 7.—Frequency distribution of genera of inarticulate brachiopods. Solid line represents skewed 
pattern resulting from approximate differentiation of cumulative curve. Dashed line represents 
hypothetical reconstruction of distribution in a symmetrical pattern. 


a climax associated with the area about 
point D, the maximum negative rate of 
change in the number of taxonomic units. 
Factors in the longevity of individual 
units are more difficult to assess, but the 
temptation to attempt a quasi-mathematical 
expression is hard to resist. Again, the 
record indicates a marked variation during 
the geologic span of a lineage. Long-range 
“generalized”’ forms are evident in all groups 
but are conspicuous at the beginning and 
end of the distribution pattern; intermediate 
stages are characterized by species with 
shorter ranges. Longevity may be expected 
to decrease as speciation rises, increasing 
inter-specific competition. It is suggested 


tinction, and longevity of units are illu- 
strated by the hypothetical curves appro- 
priately labeled on figure 8. Further analysis 
of these in conjunction with the accom- 
panying frequency and rate of change 
curves suggests that the most valid index 
fossils in any group are those which occur 
near the time of maximum number of 
species (within the time span centering on 
point C) since this appears to be the time 
when minimum ranges may be expected. 
Moreover, correlations based on ‘‘first ap- 
pearances”’ of species would seem to call for 
the utilization of groups near their maximum 
rates of speciation (point B); while correla- 
tions based on extinctions (the “‘bug tops” 
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of subsurface stratigraphy) may be more 
successful if groups near their maximum 
rates of extinction (point D) are considered. 


FREQUENCY ——> 


- *— RATE OF CHANGE —+ + 











Fic. 8.—Upper curves are diagrammatic fre- 
quency and rate of change curves for the num- 
ber of taxonomic units in a hypothetical 
lineage. Lower curves illustrate suggested re- 
lationships between frequency distribution of 
taxonomic units, rates of ‘‘speciation’’ and 
“extinction,” and the “longevity”’ of individual 
units. Ordinate values for the various curves 
are purely relative and conventionalized. 
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ABSTRACT—Subjective evaluation is made of the present state of paleontology, 
particularly in regard to some stratigraphically most useful late Paleozoic inverte- 
brates. It is emphasized that time ranges of fossil genera are independent of major 
stratigraphic boundaries. Concepts of inception and migration of fossil genera are 
explained. The cases of Archimedes, Mesolobus, Shumardites-Properrinites-Per- 
rinites, and Triticites-Schwagerina (in ‘old sense) are analyzed. The principal work- 
ing evolutionary hypotheses are reviewed. Attention is called to the neglect of 
technically difficult fossil faunas. Greater thinness of thin sections is recommended. 
Presence of human errors in various published quantitative descriptions is discussed. 
Place and value of paleoecological studies are discussed. Caution is suggested in 
application of genetical terms to paleontology. Application of Rules of Nomencla- 
ture to fossils is discussed. Paleontology is considered a synthesis of biology and 
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INTRODUCTION 


Paleontology is the science which 

treats of the life which has existed on 

the globe during former geological 

periods. (Zittel, Text-book of pale- 
ontology) 


The quoted definition exemplifies the 
viewpoint as to the nature of paleontology 
that was current in Zittel’s time. Apparently 
no doubt existed in his mind that paleon- 
tology is not mere topographic description 
and cataloging of the remnants of shells, 
bones, plants, etc., but a science of ancient 
life, in so far as it can be understood by com- 
parative study of its fossilized remains and 
the much more completely known living 
organisms. If so, the recent dispute as to 
whether a paleontologist is a biologist or 
geologist (Knight, 1947; Weller, 1947; and 
others) reflects the present state of minds of 
some of our leading colleagues, and has not 
been inherited from our predecessors. This 
dispute seems to indicate that contemporary 
paleontology is in a state of crisis, and that 
its fundamental biologic and geologic rela- 
tionships are in a state of re-evaluation. 

This paper is an attempt to outline, in a 
subjective way, the present status of pale- 
ontology, chiefly that of the invertebrates, 
illustrated by certain examples taken mostly 
from some recent studies of late Paleozoic 
invertebrates from the Mid-Continent re- 
gion with which I am familiar. However, the 
conclusions reached seem to apply, with 
certain reservations, to the contemporary 


state of knowledge of other fossil organisms, 
here and elsewhere. 


FACT AND FICTION IN PALEONTOLOGY 


Stratigraphic ranges of genera.—The pres- 
ent state of our knowledge of fossil or- 
ganisms seems to be a bewildering mixture 
of well established facts, stubbornly per- 
petuated errors, and naive notions. Only 
comparatively few observations and con- 
clusions survived the test of time, and some 
established sequences of fossils, or some 
orderly temporal changes in them, have been 
proved reasonably constant, though usually 
within more or less limited provinces, while 
constancy of other observed changes merely 
is taken for granted, and as yet our science 
does not seem to recognize the necessity of 
repeated verification of fundamental obser- 
vations. In this it differs sharply from such 
sciences as physics and chemistry, where all 
empirical observations are immediately 
checked and double checked. 

Time and again attempts have been made 
to characterize paleontologically some major 
stratigraphic units of series rank by making 
them equal to paleontological zones, and 
the assumption is widespread that certain 
common fossil genera are unfailing zone 
markers. For instance, the Morrow series 
has been assumed to be the zone of the fora- 
minifer Millerella; the combined Atoka and 
Des Moines series the zone of the brachiopod 
Mesolobus; the Wolfcamp series the zone of 
the ammonoid Properrinites; and so on. 
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This procedure of assuming or declaring 
some fossil genera to serve as markers for 
given stratigraphic units is largely wishful 
thinking not based on reliable facts, be- 
cause the genera (and this is true for the 
so-called index genera) as a rule are not con- 
fined by stratigraphic boundaries of any 
kind. Analysis of the principles on which we 
paleontologists make our genera, when 
tested by actual findings as to how these 
genera actually behave in relation to strati- 
graphic boundaries of serial rank, reveals 
the following: 

(1) Paleontologic genera, as we define 
them, do not make initial appearance sud- 
denly within a certain comparatively short 
geological interval, but rather develop 
slowly throughout considerable geological 
time, usually equal to as much as one-third 
or more of a group, or even of a series. 

(2) The period of inception, or slow, in- 


‘ itial development of a genus, and the period 


of its subsequent gradual change into an- 
other genus, do not necessarily coincide with 
any recognized stratigraphic boundaries. 

The following examples may serve as il- 
lustrations. Almost as soon as Millerella was 
declared to be confined to the Morrow series 
(Thompson, 1942), diligent stratigraphic 
paleontologists, including the author of the 
genus himself, found Millerella in the 
Chester below the Morrow and in the Atoka 
above it (Thompson, 1944, and later publi- 
cations; Spivey and Roberts, 1946). Further- 
more, some paleontologists believe that 
Millerella is not clearly differentiated from 
Staffella and may be treated as congeneric 
with it. If so, it is not surprising that 
Millerella and Staffella are only moderately 
useful stratigraphically, because both are 
rather long-ranging genera. 

Likewise, students of Mesolobus have 
found that the medial lobe which char- 
acterizes the genus did not develop sud- 
denly. During a fairly large part of early 
Atoka time, a more or less recognizable 
medial lobe was a variable individual char- 
acter in the shells of the chonetid stock that 
gave rise to Mesolobus (Plate 26, fig. 3). 

The following third example is similar but 
more complex. The suture lines which 


typify Properrinites develop in the ontog- 
eny of this ammonoid when individuals at- 
tain a certain size; and at the earlier growth 


stages the suture is of Shumardites type. In 
the course of geological time, evolution of 
the Shumardites-Perrinites ammonoid stock 
proceeded exemplarily, in perfect accord 
with the law of phylogenetic recapitulation. 
During this time the Shumardites type of 
suture was telescoped back to earlier and 
earlier volutions and the Properrinites 
suture appeared also correspondingly 
earlier. Finally a new type of suture char- 
acteristic of Perrinites, appeared in the 
latest adult volutions. The evolutionary de- 
velopment of the stages to which the stu- 
dents of ammonites attach the names 
Shumardites, Properrinites, and Perrinites 
proceeded much more regularly than the 
development of the medial lobe in Mesolo- 
bus, the change from one type of suture to 
another occurring within a small fraction of 
a volution, and the evolution of this am- 
monoid stock was comparatively rapid. 
However, even in this case, we cannot as- 
sume that the suture changes differentiating 
one of these genera from another coincide 
with stratigraphic boundaries of a series 
(Wolfcamp), even though an approximate 
correspondence seems to exist (Elias, 1938; 
Miller and Furnish, 1940, pp. 139-156). 
Furthermore, because the collected speci- 
mens of Properrinites and Perrinites seldom, 
if ever, retain the living chambers, we do not 
know the exact maximum size of the adults, 
nor what kind of suture occurred in their 
latest adult stages. We know only at what 
diameter of the shell a certain type of suture 
made its first appearance at a particular 
stratigraphic horizon. Taking into account 
the apparent obedience of these ammonoids 
to the law of recapitulation we could, if we 
wish, define the lower limit of the genus 
Properrinites as the stage at which the typi- 
cal suture appears at a particular shell 
diameter, and select the diameter so that 
this stage would coincide with the base of 
the Wolfcamp series, as per stratigraphic 
definition. Figuratively speaking this would 
be setting our “paleontological clock,” 
which in this case is the evolution of sutures 
in the Shumardites-Properrinites-Perrinites 
lineage, so that the alarm will ring at a cer- 
tain stratigraphic horizon. By comparison it 
is like setting the beginning of the Pleisto- 
cene period in America at an arbitrary time 
when glaciation first reached a certain geo- 
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graphic parallel in the states of Illinois or 
Iowa. There is nothing wrong with either 
procedure, and if we wish we can select such 
arbitrary boundaries to suit local con- 
veniences in classification; but certainly 
neither of the two would be natural bound- 
aries either paleontologically or geo- 
logically, and would not serve satisfactorily 
on a broader continental or interconti- 
nental scale. 

Next I wish to scrutinize some truly 
natural stratigraphic boundaries of some 
common stratigraphically important fossils, 
as established and verified by repeated in- 
dependent observations. Some such genera 
indeed appear or disappear suddenly at 
certain definite stratigraphic horizons in 
certain regions. The cases of Archimedes and 
Mesolobus are good examples of this phe- 
nomenon. So far as known, Archimedes had 
its inception at late Silurian or early De- 
vonian time in the area of the Cincinnati 
arch. It appears suddenly, however, in the 
Keokuk limestone (Middle Mississippian) of 
Iowa and Illinois, in the Batesville sand- 
stone (Upper Mississippian) of Arkansas, in 
upper Desmoines strata (Lower Pennsyl- 
vanian) of Utah and in the Uralian (Upper 
Pennsylvanian) of European Russia. It dis- 
appeared as suddenly at the end of Chester 
time in Illinois and Kentucky and at the end 
of Springer time, which was somewhat later, 
in the Ardmore basin. Mesolobus disap- 
peared suddenly at the end of the Des- 
moines in the Mid-Continent and in the 
Rockies, but near Moscow, Russia, it is not 
known below the Teguliferina zone or basal 
Uralian (Ivanov and Ivanova, 1936, pp. 
20-22; 40-41), which is younger than 
Desmoines. 

Much time and effort in deliberate and re- 
peated field search and laboratory study has 
been required to establish the stratigraphic 
ranges of Archimedes and Mesolobus as out- 
lined above, and even these may be some- 
what altered by further investigations, al- 
though they are fundamentally correct. 
While at first the establishment of regionally 
different ranges may seem confusing, ac- 
tually these discrepancies illustrate a way in 
which paleontology can render good service 
to stratigraphy, because they indicate the 
importance of the element of regional migra- 
tion in the geological history of fossil genera. 
They show that when a genus truly suddenly 


appears in a local stratigraphic sequence, it 
must have migrated from another region, 
where it had its inception. Also, when it 
disappears suddenly from a local strati- 
graphic sequence, this does not mean neces- 
sarily that it had become extinct, but merely 
that the local conditions, for one reason or 
another, became unfavorable for its mainte- 
nance, and so it may have migrated to 
another place where it could continue its 
evolution. In fact, it was usually the en- 
vironment that migrated and carried the 
genus with it. Such regional migrations 
which did not affect seriously, if at all, the 
uninterrupted course of organic evolution, 
when reasonably well established, seem to 
be the most dependable criteria on which 
inter-regional correlation can be _ based. 
They explain, for once, the old paradoxical 
dictum that some widely separated geologi- 
cal formations are contemporaneous because 
they carry different fossils, and are of differ- 
ent ages because they contain similar fos- 
sils. We now can understand just what is 
meant by this geological paradox. 

Buckmanian hypothesis——Another kind 
of wishful thinking, to which some paleon- 
tologists cling tenaciously, is illustrated by 
the befogged notion vaguely sketched by S. 
S. Buckman, in one of his numerous papers 
on Jurassic ammonites of the British Isles 
(1925, p. 9; and elsewhere). As near as one 
can judge, he postulated the existence of a 
mythical ‘‘center”’ of evolution of ammonites 
somewhere in the depths of the ocean, 
which, in the course of geological time, 
gradually moved closer to the inland seas 
whose ammonites are now available for 
study. This hypothesis was invented in order 
to explain the occurrence in younger Juras- 
sic beds of some ammonites which appar- 
ently had reached a less advanced evolu- 
tionary stage than their predecessors. Ac- 
cording to it, the primitive ammonite stock, 
that remained more or less unchanged at 
this ‘‘center’’ was supposed to have sent 
wave after wave of rapidly evolving forms 
to the inland seas. When, however, the “‘cen- 
ter’’ moved closer, the later waves had a 
shorter distance to travel, less time to 
evolve and ammonites reached the inland 
seas at an evolutionary stage less advanced 
than that of their predecessors who had to 
travel farther. 

The phenomenon which puzzled Buck- 
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man and led him to the invention of this 
theory has been interpreted by Spath (1923, 
p. 65; also later publications), as a case of 
neoteny (paedomorphosis, or paedogenesis) 
or the kind of evolution that, instead of 
obeying the law of recapitulation, proceeds 
contrary to it. In ordinary evolution which 
follows the law of recapitulation, adult 
characters gradually appear in  progres- 
sively earlier growth stages in succeeding 
generations. In neoteny, however, youthful 
or larval characters are supposed to have 
persisted longer and longer in succeeding 
generations. Whether or not this explains 
the Jurassic ammonites that puzzled Buck- 
man, the hypothesis of evolution by neoteny 
is far more logical and biologically compre- 
hensible than the Buckmanian theory. Some 
paleontologists, however, continue to think 
that the latter is applicable not only to the 
evolution of ammonites but also to other 
marine fossils. 

New facts from England.—Recent startling 
revision of the stratigraphic occurrences of 
some fossils in England on which the hy- 
pothesis of evolution by neoteny was 
partially based, discloses that some fossils 
(the Jurassic foraminifer Ophthalmidium) do 
not occur in the stratigraphic order formerly 
supposed, but actually come in an order 
that seems harmonious with the theory of 
recapitulation (Wood and Barnard, 1946). 
Although the hypothesis of neoteny still 
seems necessary to explain some cases in 
apparent evolution, the field of its ap- 
plicability is somewhat narrowed and re- 
capitulation is characteristic of most evolu- 
tion as revealed by paleontology. Paleozoic 
and early Mesozoic ammonites and late 
Paleozoic fusulines have furnished abun- 
dant evidence that serves as a solid foun- 
dation for the recapitulation theory and 
our generation of paleontologists has found 
it to be generally useful in the study of 
practically all classes of invertebrates. 
However, the interpretation of each evo- 
lutionary lineage, whether it accords with 
the recapitulation hypothesis or not, should 
remain open for verification and _ revi- 
sion as newly discovered facts about pre- 
viously known fossils and the discovery of 
new links in lineages, may improve or 
modify them, and thus make them more 
useful. If paleontology is to continue as a 


living science, it must be considered a mere 
link in the endless chain of progress. 


CONFLICTS BETWEEN EXPERTS ON STRATI- 
GRAPHIC VALUE OF VARIOUS FOSSILS 


Individualism in paleontology.—Extreme- 
ly individualistic attitudes in the study 
of fossils by some paleontologists lead 
them to the rejection of data and con- 
clusions reached by anyone else but 
themselves. Professional feuds between such 
individualists have been highly entertaining 
in the past, but they are costly in energy 
and time, and do not serve the dignity or 
usefulness of science. In view of the tre- 
mendous difficulties and complexities in- 
volved in paleontology, both pure and 
applied, such extreme individualism can be 
ill afforded. The following example illus- 
trates the point. 

One of the ablest American specialists on 
Paleozoic invertebrates, who died a few 
years ago, was confronted with probably the 
most difficult stratigrapho-paleontological 
problem of his life when his opinion on the 
age of the Oquirrh formation of Utah was 
requested. In this formation undoubted and 
prolific remains of Archimedes occur associ- 
ated with typical Mesolobus. At that time 
most American paleontologists firmly be- 
lieved that Archimedes is an exclusively 
Mississippian genus, and it was also known 
that Mesolobus is restricted to the Des- 
moines series and its equivalents (Allegheny) 
of the Eastern Interior region. If the prob- 
lem were presented to two men, one special- 
izing in brachiopods only, and the other in 
bryozoa, there would have been an irrecon- 
cilable conflict of opinion between two 
experts, each supreme in his knowledge of 
one group of fossils. Fortunately, this 
paleontologist was a master in both fields, 
and so the conflicting evidence was carefully 
considered and he finally gave preference to 
Mesolobus over Archimedes, seemingly by a 
narrow margin (Girty, 1932, p. 36). The evi- 
dence of all other invertebrates, about 
forty-five species, some of which are in good 
standing as index fossils in other regions, 
has been given but little if any weight com- 
pared with these two genera. At present 
other geologists and paleontologists are gen- 
erally agreed that he was correct, and Archi- 
medes is now recognized as an index to strata 





at Ska one SE PEELE FAN. Sh i ie ek ee 


il Pee 


| 


Gin: SE a ee 





TEA SIU tl UR Pe 


144 MAXIM K. ELIAS 


of Desmoines age in Utah and adjacent areas 
where it is unknown in the Mississippian. 

Perhaps it was this justifiable deliberation 
in regard to the stratigraphic significance 
of Archimedes versus Mesolobus by the 
wisely cautious specialist on invertebrates 
that occasioned the caustic remarks concern- 
ing the ‘‘invertebrate,’’ meaning spineless, 
paleontologists by his famous colleague who 
was an authority on Paleozoic plants. The 
paleobotanist declared that plants furnish 
far more reliable stratigraphic evidence than 
do invertebrates and, when similar con- 
flicting evidence was brought to light, this 
time between the brachiopod Mesolobus and 
the ancestral conifer Walchia, regarding 
the age of beds near McCoy in central 
Colorado, the paleobotanist insisted that 
they are Permian in spite of anything in- 
vertebrate paleontologists might say. Since 
then Walchia has been proved to be an 
ecologic rather than a stratigraphic guide, 
and the occurrence of well-preserved late 
Desmoines fusulines both below and above 
the Walchia beds has established quite re- 
liably the early Pennsylvanian age of the 
McCoy formation. Some narrowly-special- 
ized paleobotanists, however, ignore this 
substantiation of the evidence furnished by 
Mesolobus and continue to consider the 
age of McCoy formation ‘‘undecided.” 

If we choose to disregard the great impor- 
tance of the regional migration from one re- 
gion to another during geological time of 
fossil genera and species either on a conti- 
nental or a global scale, and if we summarize 
in a single column their total stratigraphic 
ranges in all parts of the world we find that: 

Archimedes ranges from late Silurian to 
Middle Permian (Artinskian). 

Mesolobus ranges from early Pennsylva- 
nian (early Desmoines) to late Pennsylvanian 
(Virgil or Uralian). 

Walchia ranges from early Pennsylvanian 
(Desmoines) to Permian or possibly Trias- 
sic. 

These ranges are so great that the value 
of these genera as zone markers appears 
greatly diminished as compared with their 
stratigraphic usefulness to our predecessors. 
Actually, however, their stratigraphic value 
has increased because their regional strati- 
graphic ranges now have been established 
with much greater accuracy, although their 


ranges in different regions are not the same 
and always must be evaluated on a regional 
basis only. Further progress in their strati- 
graphic use will result from the recognition 
and application of the principle of inception 
and migration of paleontological genera. For 
instance, it seems that it can be applied 
effectively in the use of fusulines for regional 
and intercontinental correlations, as indi- 
cated in the following discussion. 


INCEPTION AND MIGRATION OF SOME 
FUSULINID GENERA 


The general evolutionary change in fusu- 
lines from Fusulina-Fusulinella to Triti- 
cites and to Schwagerina has been amply 
demonstrated and these genera are known 
to typify three successive stratigraphic 
zones in North America and Eurasia. The 
local boundaries between these zones, how- 
ever, do not necessarily correspond in differ- 
ent regions. In one, some fusulinid genera 
show complete evolution from inception to 
clear-cut differentiation, while in another 
the same genera make their first appearance 
rather suddenly. Likewise, their last occur- 
rences in different regions are far from uni- 
form. Thus in America Fusulina and Fusuli- 
nella disappeared abruptly at the end of 
Desmoines time but in the Old World rep- 
resentatives of both genera are frequently 
encountered in beds of Upper Pennsylvan- 
ian and even Permian ages (Licharev e/ al., 
1939, pp. 35-36), and only at a very few 
places are these latter occurrences the result 
of redeposition. 

Miss Rauser, ranking specialist on fusu- 
lines, recognizes in the Russian zone of Tri- 
ticites a number of species closely related 
to, if not identical with, the American forms 
Triticites ventricosus, T. acutus, T. beedet, 
and 7. plummeri which occur exclusively in 
the Shawnee or higher beds of the Virgil 
series in the Mid-Continent region. In 
Russia there is no underlying zone which 
would have slender species of Triticites like 
those in our Douglas group or Missouri 
series. The only described slender Russian 
form, T. irregularis var. annulifera (Rauser, 
1938, pp. 113, 115, 156; pls. III, fig. 10; pl. 
IV, fig. 3) differs from American species of 
T. irregularis group from the Douglas and 
Missouri by having a higher spire composed 
of fewer volutions, which seems to indicate 
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a more advanced evolutionary stage. 

Schwagerina is one of the most critical 
genera in the differentiation and correlation 
of the late Pennsylvanian and early Permian 
marine deposits of the world. This genus in 
its time-honored sense and as uniformly 
understood by paleontologists and geologists 
prior to 1936, generally characterizes the 
Wolfcamp series in Texas, the lower part 
of the Big Blue series in Kansas and Ne- 
braska, and the Sakmarian in Russia, but 
the notion that it appeared suddenly and 
synchronously in all these regions has little 
foundation in fact and is biologically un- 
sound. Schwagerina, or what is now gener- 
ally termed Pseudoschwagerina and Para- 
schwagerina, did not appear suddenly but 
emerged from a period of inception and evo- 
lutionary instability, much as other genera 
have, and it is necessary for paleontologists 
to realize this. 

Generic dignity recently has been given to 
representatives of the Triticites stock that 
have lost one or more of the following generic 
characters of Triticites: (1) presence of cho- 
mata, (2) moderate fluting of septa, and 
(3) uniformity in the rate of expansion of 
the test; or that have acquired: (2a) more 
intense and regularly developed fiuting of 
septa, (3a) a distinct change in the rate of 
expansion of the test from gradual in early 
stages to rapid in the later ones. In the ear- 
lier period of modern research on fusulines 
emphasis was placed on the most obvious 
of these evolutionary changes, the ‘‘sudden’”’ 
expansion of the outer volutions that results 
in considerable inflation of the test, and such 
forms have been referred customarily to 
Miller’s genus Schwagerina. When Dunbar 
and Skinner began their task of ‘‘splitting”’ 
the old genus they introduced new names 
for various advanced species of the old inclu- 
sive genus Triticites, for example Pseudo- 
fusulina (1931) for forms with intense and 
more or less uniform fluting of the wall and 
with vanishing chomata. In 1936 these 
authors concluded, however, that their 
genus Pseudofusulina is a junior synonym 
of Schwagerina, because they had deter- 
mined that in the type of the latter the 
outer volutions do not expand suddenly, 
and consequently there is no “tightly 
coiled juvenarium” or a stage of slowly 
expanding earliest volutions, while the 





septa are intensely fluted and there are 
no chomata, For these reasons they believed 
they had no choice but to modify the previ- 
ously held understanding of Schwagerina, 
and in accord with a strict application of the 
Rules of Zoological Nomenclature, they de- 
cided to erect two new genera for the forms 
that possess the ‘‘tightly coiled juvenarium,” 
and which previously had been classified in 
Schwagerina. In order to preserve some sem- 
blance to the name ‘‘Schwagerina”’ they 
coined the new names Pseudoschwagerina 
and Paraschwagerina (1936), the first for 
the forms with inflated outer whorls that 
possess feebly fluted septa and only rudi- 
mentary chomata, and the second for those 
with similarly inflated outer whorls but 
possessing intensely fluted septa and no 
chomata at all. 

This new concept regarding Schwagerina 
introduced great confusion. In the older 
literature, and in some of the publications 
that have appeared since 1936, Schwagerina 
is used in the old sense, but in other recent 
publications it is used in the new sense. 

In the meantime the rapidly increasing 
study of the fusulines both in America and 
Europe disclosed forms transitional between 
Triticites and Schwagerina (in the old sense) 
which could, therefore, be classified with 
equal propriety in either of these genera. 
American observations were made by Hen- 
derson (MS., 1932; University of Chicago 
Thesis) ;! and similar discoveries were made 
known in Russia where a species from the 
Triticites zone was described as Triticites 
schwageriniformis, which has a distinct 
tightly coiled juvenarium as in Schwagerina 
(in old sense) but with straight and well 
developed chomata similar to the most 
primitive but undoubted representatives of 
Triticites. If viewed in the light of Dunbar 
and Skinner’s splitting this peculiar combi- 
nation of three characters, usually consid- 


1 Some individuals of Triticites clearly related 
to T. plummeri and recently collected from the 
Ervine Creek limestone (Deer Creek formation) 
in the Shawnee group of Nebraska have a pro- 
nounced sudden expansion of the third and fourth 
volutions, and in size and shape they are much 
like Schwagerina (old sense) kansasensis from the 
Neva limestone of Kansas and the Wolfcamp se- 
ries of West Texas. Detailed measurements con- 
firm their transitional evolutionary position be- 
tween these species. 
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TABLE 1.—DIFFERENTIAL CHARACTERS OF SCHWAGERINID GENERA 
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Generic Group | Juvenarium Fluting of Septa Chomata 
Schwagerina (in new sense) | None or Rudimentary Intense Rudimentary 
Pseudoschwagerina Developed Feeble Rudimentary 
Paraschwagerina | Developed Intense None 
Meta-Schwagerina Developed None Strong 





ered to be of generic importance, would 
warrant introduction of a new generic name, 
let us say Meta-Schwagerina,? on a par with 
Pseudoschwagerina or Paraschwagerina. To 
illustrate the point the combination of the 
discussed generic characters is tabulated on 
Table 1. 

These data demonstrate the actual exist- 
ence within the Triticites stock of some spe- 
cies which show a stratigraphically early, 
decidedly pre-Permian (in American sense) 
tendency toward development of a “‘tightly 
coiled juvenarium,”’ which is the funda- 
mental character on the basis of which 
Schwagerina was formerly universally rec- 
ognized. 

When it is realized that neither in America 
nor in Europe does the appearance of this 
character in Triticites coincide with the be- 
ginning of the Permian (in American sense), 
a new approach to the revision of the 
biologic and evolutionary significance of 
Schwagerina is opened, such as follows. 

Text figure 1 is a non-logarithmic graph 
illustrating the rate of expansion of the tests 
in a group of sub-spherical species of Schwa- 
gerina (in old sense) in which the successive 


2 I do not intend to actually introduce a new 
generic name for the Russian form, no repre- 
sentatives of which are at my disposal. Hence 
Meta-Schwagerina remains quite available for 
formal introduction to this or any other fossil. 


volutions are plotted horizontally and their 
height vertically. The curves are typically 
sinusoidal, as they should be, because they 
indicate the growth rates. Growth of most 
organisms, including man, starts slowly, 
then accelerates gradually, but eventually 
slows down again, and may even be reversed 
in a senile stage. Thus a normal curve of 
growth is sub-horizontal at infancy, becomes 
more and more steeply inclined during ado- 
lescence and then levels off until it again 
becomes sub-horizontal at full maturity, 
and may even turn downwards in old age. 
Growth curves of the sub-spherical species 
in the graph are plotted from measurements 
of the height of volutions (or measurements 
of equatorial diameter recalculated to the 
height of volutions) from publications by 
Beede, Dunbar and Condra, and M. White, 
and also from unpublished measurements 
by Ryniker and myself. The rate of growth 
shows a distinct tendency to increase during 
the course of geological time. The graph of 
the earliest form, JT. consobrinus is only 
slightly curved. In the succeeding T. 
plummeri and T. n. sp., curvature becomes 
more and more pronounced, and the change 
from a slower growth in infancy to faster 
adolescent growth becomes more evident 
although it cannot be detected easily by a 
visual inspection of specimens in cross sec- 
tions. Consequently descriptions may state 


TABLE 2.—SPECIES FOR WHICH GROWTH-LINES ARE PLOTTED IN TEXT-FIGURE 1 














Species Source of Information Stratigraphy Locality 
Schwagerina uddent Beede and Kniker, 1924, p. 27 Lower Wolfcamp W. Texas 
Schwagerina uddeni M. White, 1932, p. 63 Lower Wolfcamp W. Texas 

S. Kansas 


Schwagerina kansasensis | Dunbarand Condra, 1927, p. 117 | Neva limestone 
Dunbar and Skinner, 1936, p. 87 | Uralian or Artinskian Russia 


Schwagerina princeps 
Triticites, new species 
Triticites plummert 
Triticites plummert 
Triticites consobrinus 


Ryniker MS 
Elias, MS 





M. White, 1932, p. 63 
M. White, 1932, p. 41 


Dover limestone _ Kansas 
Gunsight limestone N. Texas 
U. Oread limestone Kansas 








| Jacksboro limestone N. Texas 
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that increase in height of volutions “appears 
to be gradual,”’ but accurate measurements 
and plotting of the growth rate may show 
that this is not so. Only in Schwagerina 
kansasensis and S. uddeni does this change 
become so great as to be obvious, and a 
“tightly coiled juvenarium” clearly is pres- 
ent. In other words, the acceleration of 
growth in the adolescent stage is so great 
and results in such a sudden change in the 
manner of coiling that it is easily detected 
by the eye. This character is easily notice- 
able in the more typical forms of Schwa- 
gerina, but it is not in the less typical ones 
because they are transitional in the evolu- 
tionary series. Plotting of growth lines in 
Schwagerina princepsand S.montiparus (solid 
lines in the figure) shows clearly that they 
belong in such a transitional stage. They 
are more advanced than Triticites plum- 
mert and T. n. sp., but are less so than the 
most primitive recorded example of Schwa- 
gerina kansasensis from the Neva limestone 
of Kansas. The illustrated sections of Schwa- 
gerina princeps and S. montiparus (Pl. 26, 
figs. 1, 2) after Dunbar and Skinner also 
show by measurement, if not by observa- 
tion, that the inner three or four volutions 
expand at a slower rate than the outer ones, 
and a tendency toward the development of a 
tightly coiled juvenarium is evident. These 
sections are presented at a magnification 
greater than the original, and dashed lines 
have been added to facilitate this observa- 
tion. 

Some genera in both neo- and paleon- 
tology have been based on designated spe- 
cies that proved to be untypical of the 
genera as they had come to be generally 
understood. Such unfortunate selections of 
types as a rule have not been considered suf- 
ficient reason for changing the generic con- 
cepts based on them. Thus we could, if we 
wish, retain the generic concept of Schwa- 
gerina in the old sense by merely recognizing 
that its genotype happens to have the 
“tightly coiled juvenarium” in an imperfect 
early stage of its phyletic development, and 
in doing so we would act within the Rules 
of Zoological Nomenclature. 

The authors of the new concept of Schwa- 
gerina, however, did not follow this proce- 
dure but decided to restrict this genus to 
species which do not have a sufficiently 


“tight” coiling of early volutions, and to 
differentiate from them those forms in 
which the “tight” coiling of early volutions 
becomes more obvious. As in the case of 
Properrinites, we may say that the “‘paleon- 
tological clock’’ provided by the Triticites- 
Schwagerina (in old sense) evolutionary 
lineage has been set by them so that the 
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Fic. J—Growth curves of some subspherical 
species of Triticites and Schwagerina (old 
sense). See explanation in text. 
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alarm will ring when the particular degree 
of coiling in the juvenarium has been 
reached which coincides with the Pennsyl- 
vanian-Permian boundary, as accepted in 
America. There is nothing fundamentally 
wrong with this procedure and it seems to 
work satisfactorily in the Mid-Continent 
province. It would be presumptuous, how- 
ever, to expect that an equal coiling of the 
juvenarium in Pseudoschwagerina and all 
similar genera must necessarily be reached 
at the same instant of geological time every- 
where, and we know that certainly it did 
not in at least the case of Meta-Schwagerina 
(Triticites schwageriniformis Rauser-Cer- 
noussova, 1938). 

If, on the other hand, we should wish to 
work out fusulinid evolution without at- 
tempting to fit paleontologic genera to local 
stratigraphic boundaries, we might return 
to the old concept of Schwagerina, in its 
broad polyphyletic sense, characterized by 
acceleration of growth after the first three 
to five whorls; or, if we wish to recognize 
smaller monophyletic genera, most of the 
named groups introduced by Dunbar and 
Skinner can be used but with the under- 
standing that the ‘‘schwagerinid stage,”’ as 
it may be called, was reached in different 
genera at different times which do not 
necessarily correspond with important but 
local stratigraphic boundaries. 


BPALEONTOLOGIC GENERA AND SUBGENERA, 
AND RULES OF NOMENCLATURE 


The foregoing examples of the evolution- 
ary relations of some common paleontologi- 
cal genera seem to warrant the following 
conclusions. 

1. Original establishment of paleontologi- 
cal genera is usually arbitrary. At the time 
of their establishment, their evolutionary re- 
lations are rarely well known and later 


discoveries frequently prove that their 
designated types were not satisfactorily 
selected. 

2. Most neontological genera are com. 
paratively easy to delimit because only 
their living representatives matter, and 
their geologic history need not be consid. 
ered. Most of them are well differentiated 
from each other and only few occasion 
trouble in taxonomic treatment because of 
close relations to other living genera. 

3. Paleontological genera, however, are 
difficult to delimit because they grade into 
each other through intermediate forms, and 
in most if not all of them may be recognized 
a stage of inception, a stage of differentia- 
tion, and in many also a final stage of evolu- 
tion into later subgenera. 

4. The Rules of Zoological Nomenclature 
were set up by zoologists primarily for the 
taxonomic treatment of living organisms, 
and they do not provide for several of the 
characteristic difficulties encountered in 
paleontologic genera. Strict application of 
the Rules to paleontologic genera, espe- 
cially retroactive application to genera of 
long standing, often leads to confusion in- 
stead of clarification and uniformity. 

This statement does not imply hostility 
to the idea that rules of nomenclature are 
necessary, but it suggests that paleontologic 
genera must be recognized as different from 
neontologic ones, and that they require 
special consideration (of course any neon- 
tologic genus becomes paleontologic as soon 
as fossil representatives are discovered). A 
paleontologic genus, especially one useful in 
stratigraphic correlations, should not be sub- 
ject to radical change in definition when it is 
discovered that its type was poorly chosen. 
If necessary, such re-definition or revision 
should, as a rule, be based only on a more 
or less complete revision of as many of its 





EXPLANATION OF PLATE 26 


Fics. 1, 2—Cotypes of Schwagerina Miller. 1, Borelis princeps, sagittal section of specimen 18 from 
the group of individuals associated in Ehrenberg’s original rock specimen, from pl. 10, 
fig. 11, Dunbar and Skinner, 1936; 40. 2, Alveolina montipara, sagittal section of specimen 
17, from the same rock specimen, from pl. 10, fig. 14, ibtd.; X40. Dashed lines emphasize 
change in rate of expansion which increases perceptibly after the first three or four volu- 


tions. 


(p. 147) 


3—Chonetes [Mesolobus] striatus Weller, from basal part of McCoy formation exposed at Bond, 


Colorado, collected and photographed by M. K. Elias; X1. 


(p. 141) 











their 
‘torily 


com- 

only 
, and 
onsid- 
tiated 
casion 
use of 


T, are 
le into 
iS, and 
gnized 
rentia- 
evolu- 


clature 
for the 
nisms, 
of the 
‘ed in 
tion of 

espe- 
era of 
ion in- 


ostility 
ure are 
tologic 
it from 
require 
* neon- 
as soon 
red). A 
seful in 
be sub- 
1en it is 
chosen. 
‘evision 
a more 
y of its 


18 from 
1 pl. 10, 
pecimen 
nphasize 
ur volu- 
(p. 147) 
at Bond, 
(p. 141) 

















JouRNAL OF PaLEonToLocy, VOL. 24 





Elias, State of paleontology 














ES NS TAN, ATES: TPAD A nea rae amaueraenaeaee 














OE 


STATE OF PALEONTOLOGY 


representative species as possible, including 
those representing its geologically early 
inception, and others representing its differ- 
entiation into geologically later genera or 
subgenera. 

5. Nomenclatorial recognition of a new 
kind of paleontological subgenus seems 
necessary. Any representative of a paleon- 
tological genus that shows a distinct trend 
toward another genus that succeeds it in 
geological time may be properly designated 
as a subgenus. No new name for such a 
subgeneric stage is necessary, however, 
because the name of the succeeding genus 
may be used in a subgeneric sense. Thus, a 
form in evolutionary transition from Cho- 
netes to Mesolobus might be designated 
Chonetes [Mesolobus]; a form in transition 
from Triticites to Schwagerina as Triticites 
[Schwagerina] or Triticites [Pseudoschwa- 
gerina]; etc. According to this plan the sub- 
generic name in square brackets has a special 
meaning distinct from that implied by a 
subgeneric name enclosed between paren- 
theses. The latter usage, as legalized in the 
Rules, does not imply the _ gradational 
evolutionary relationship indicated by 
square brackets. 

‘6. Difficulties encountered in the differ- 
entiation of various paleontological genera 
differ greatly depending in part on the 
generic concepts entertained by specialists. 
At present there is a general tendency to 
recognize as natural genera groups that 
originated from a common progenitor and 
are united in an uninterrupted evolutionary 
sequence. Many new fossil genera, however, 
have been erected because a small number 
of specimens looked too different to be in- 
cluded in any previously recognized genus. 
Later other similar appearing species were 
added and the concept of the genus gradu- 
ally expanded. Many genera of this type 
were subsequently found to be polyphyletic. 
From the evolutionary standpoint they are 
not natural and it has become customary to 
split them into smaller and supposedly more 
natural groups. There remain in use, how- 
ever, many useful genera which in the future 
probably will be proved to be polyphyletic. 


SPECIAL CARE OF FOSSILS FROM DIFFICULT 
BUT IMPORTANT LOCALITIES 


Techniques in the preparation of fossils 
for study have reached high perfection but 
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they are not utilized uniformly or system- 
atically. Collecting in the field is mostly 
crude and casual, and generally little atten- 
tion is paid to the occurrence of fossils in 
space either in relation to each other or to 
lithologic features. Some fossils in some beds 
which do not weather out readily and are 
difficult to find or to collect remain undis- 
covered or poorly known, but not because 
of lack of techniques at our disposal. Many 
gaps in fundamental paleontologic knowl- 
edge certainly can be filled by determined 
effort. 

The invertebrate fauna of the Springer 
formation is a case in point. Some 30 years 
ago a prolific fauna was discovered in this 
oldest Pennsylvanian formation (now 
ranked as series) of America. The first 
large collection was deposited at a certain 
university but was not studied and even- 
tually was forgotten and lost. It was not for- 
gotten, however, by a certain geologist at 
Ardmore who desired a better understand- 
ing of the relationship of the Mississippian 
to the Pennsylvanian formations in south- 
ern Oklahoma. He rediscovered the old 
locality, found three more and collected 
from all of them. Practically all of these 
fossils occur as fragile molds and casts 
which are packed closely together. Brachio- 
pods, bryozoans, mollusks, ostracodes, cri- 
noids, and other invertebrates are richly 
represented and about 175 species in 100 
genera have been distinguished.* The num- 
ber of species and the preservation of their 
details equals or exceeds any other fauna 
known from the late Mississippian or early 
Pennsylvanian formations in America. The 
Springer fauna is a very important link 
connecting our Lower and Upper Carbonif- 
erous faunas, and its study will add much to 
our knowledge of their relations. Such faunas 
should not continue to be neglected merely 
because their study requires the application 
of more complicated and delicate techniques 
and the investment of more time, patience 
and understanding. 


HOW THIN SHOULD THIN SECTIONS BE? 


Much time and effort have been devoted 
to the development of techniques for cutting 
thin sections and staining them, but not 


3 A monographic description of this fauna has 
been submitted for publication. 
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enough attention has been paid to attain- 
ing greater thinness. Biological sections 
prepared by the microtome are much thin- 
ner than the average paleontological slides, 
which are about 10 to 20 microns thick. 
The study of some delicate but important 
structural details of fossils requires sections 
not more than 1 or 2 microns thick; and 
methods have been developed to obtain 
them. Also, by the careful regulation of 
light and the proper selection of lenses good 
microphotographs of ,thin sections fre- 
quently can be made without staining. In 
one of the latest applications of these meth- 


Serious discrepancies result, however, jp 
some measurements made with the aid of a 
hand lens or microscope. 

In table 3 are compared two sets of pub. 
lished measurements made from the same 
set of thin sections of Triticites primariys. 
Several of the measurements are reasonably 
close but the indicated form ratios particy- 
larly are quite divergent. This species js 
slender and the ends of specimens are easily 
damaged or broken off by natural processes 
or by preparatory work. The original ay. 
thors measured the lengths of undamaged or 
restored specimens and their values are 


TABLE 3.—COMPARISON OF THE MEASUREMENTS MADE ON THE SAME SET OF 
SLIDES OF Triticites primarius MERCHANT AND KEROHER 











Characteristic Element Merchant and Keroher, 1939 Burma, 1942 
Volution number 6 .-63 (to 73) 6-63 (to 73) 
Form ratio average 1:4.1 1:3.18 
Form Ratio minimum 1:3.9 1:2.61 
Form Ratio maximum 1:4.6 1:4.05 

average .729 


Radius vector (5th vol.) average .72 

average 4.7 (4.5 to 5.1) 
.149 (.130-.166) 
.220 (.165—.250) 
.064 (.055-.070) 
21 (17 to 24) 
44° (30 to 54) 


Half Length 

Proloculum dia. 

Height vol. (5th vol.) 
Wall thickness (5th vol.) 
Septal count (5th vol.) 
Tunnel angle (5th vol.) 





(7th vol.) 4.17 (3.29-4.32) 
.140 (.096 to . 168) 
.220 (.156-.300) 

062 (.048-.072) 
214 (18 to 25) 
484° (364 to 65) 








ods a fossil previously identified as a hydro- 
zoan coral, and later described as a fossil 
alga, has been proved to be a fragment of 
the back bone of a cuttle-fish or squid. 


HUMAN ERRORS IN MEASUREMENTS 
AND COUNTS 


One of the most common errors in the 
record of measurements is the discrepancy 
between dimensions stated in the text and 
the corresponding dimensions that can be 
measured on published illustrations whose 
scales are indicated. Differences commonly 
amount to as much as 10 or 20 per cent but 
occasionally they are much greater. Gener- 
ally measurements given in the text are 
correct or nearly so, and it is the scale of il- 
lustrations that is more likely to be wrong. 
This is because photographs are rarely taken 
at exactly the scale intended or indicated by 
the author, and further departure from the 
indicated scale may occur because the en- 
graver of the plates or cuts has not followed 
instructions regarding reduction precisely. 


substantially greater than those of the sub- 
sequent reviser. 

The only effective way to eliminate or 
reduce occasional errors in microscopic 
measurements and counts is to publish ac- 
curately scaled microphotographs on which 
measurements can be made and verified by 
the reader. Also, the making of original 
measurements from much enlarged photo- 
graphs of thin sections is recommended. 
Enlarged prints can be made directly from 
sections used as negatives in a projection 
printer (this method was demonstrated to 
me by my son, Maxim M. Elias, in 1937 
when he was a graduate student at the Uni- 
versity of Illinois). 

Some authors (Moore, 1929, footnote p. 
15; Condra and Elias, 1944 pp. 54-55) have 
shown already that inevitable discrepancies 
in the counts of certain elements of fenes- 
trate bryozoans (Fenestella. and others) 
depend upon the method used, and many 
other kinds of individual errors occur in both 
the old and new professional literature. 
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Perhaps special periodic reports noting such 
errors should be published, so that paleon- 
tologists can correct them in the books of 
their libraries. 

The necessity for accurate recording of the 
quantitative data on fossils becomes in- 
creasingly important with growing demands 
for greater accuracy in the use of fossils in 
stratigraphy. Statistical study of fossil 
populations, involving the measurement of 
many instead of only one or a few individ- 
uals, is gaining in popularity among paleon- 
tologists, but reliability demands that 
proper methods, procedures and standardi- 
zations, such as worked out by biologists, be 


employed. 


PALEOECOLOGY IN RELATION TO THE 
STUDY OF EVOLUTION 


Little is known about the ecology of fossil 
assemblages and the necessity for paleoeco- 
logic studies is not generally recognized 
although this is certainly complementary to 
the study of evolution. It seems self-evident 
that the understanding of an organism is 
incomplete until its relations to its neighbors 
and surroundings are known. 

It is well known that heredity determines 
fundamental structure of individuals 
through gene-control, but environment 
modifies this structure in certain ways. Thus 
an individual is a result of combined control 
by heredity and environment. Populations 
living in certain environments have some 
common traits that set them apart from 
other populations of the same species living 
under different conditions. For instance, the 
average size of adults usually depends on 
climatic conditions controlled largely by 
temperature. 

The restoration of past environmental 
conditions is usually very difficult but the 
fact itself that conditions differed is easily 
established. Evidence of this is furnished by 
the different associations with other fossils 
and theiroccurrence in different kindsof rock. 

The following is an example of an ap- 
parent environmental effect. When com- 
paring some obviously closely related fusu- 
lines collected from several different hori- 
zons, orthogenetic changes were detected, 
being expressed by a progressively increas- 
ing height of volutions, which results in 
progressively larger equatorial diameters. 
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However, it has been found that at a few 
particular horizons whole populations lack 
one or two last volutions but otherwise fit 
perfectly into the evolutionary lineage. This 
lack of the late adult volutions in the ob- 
served fusulines seems due to environmental 
control preventing attainment of full growth 
by individuals. However, the apparent dif- 
ference in environment did not seem to pre- 
vent normal propagation of the undersized 
population, nor did it alter the course of or- 
thogenetic evolution of the lineage. 

Although the environmental factors re- 
sponsible for such a situation may not be 
understood, it is important to realize that 
their influences have been effective. Thus it 
seems feasible, at least in some cases, to 
separate the apparent changes induced by 
them from  orthogenetic evolutionary 
changes, the establishment of which is ex- 
tremely important in current detailed strati- 
graphic work. 


PALEONTOLOGIC versus GENETIC TERMS 


Distinguishing between individual varia- 
tions, biologic mutations, and environ- 
mental modifications in closely related fossil 
populations is very difficult and the term 
mutation, as used by geneticists, in paleon- 
tology is generally quite uncertain of appli- 
cation. Paleontologists engaged in the 
study of gradual evolutionary changes in 
fossil populations have frequently used for 
them the term mutation in its original, pale- 
ontological or Waagenian sense (Swinner- 
ton, 1923, pp. 57, 390; Muir-Wood, 1928, p. 
3), and it does not seem justifiable to insist 
that they discontinue the employment of 
this useful term for fossil organisms because 
geneticists use it in a different sense for ex- 
tant organisms. By comparison one may 
mention the fact that zoologists use generic 
names for animals that duplicate generic 
names used by botanists for plants—and yet 
this practice causes no serious difficulty in 
biology. It seems that paleontologists can 
gain nothing by using this term in its genetic 
implications without actually knowing that 
they are dealing with truly genetic muta- 
tion. 

Another useful paleontological (as well as 
biological) term that is unjustly criticized is 
variation. 

The virtue of the paleontological terms 
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mutation and variation is their neutrality, 
as they do not imply meanings comparable 
to the biological terms mutation and modi- 
fication. Although it may be desirable (or at 
least theoretically possible) to interpret fos- 
sil populations in terms of genetics, the time- 
honored use of the neutral paleontologic 
terms should not be lightly discarded for the 
great majority of evolutionary changes 
established by paleontologists. 

Undue eagerness to trade paleontologic 
terms for genetic and biologic ones often is 
accompanied by failure to understand cor- 
rectly the meaning of these terms. For in- 
stance, the well known and widely observed 
phenomenon of phyletic increase in the size 
of fossil organisms has commonly been 
called gigantism, a term widely used in 
biology to indicate abnormal growth of in- 
dividuals. If we are determined to find in 
fossil organism, the same phenomena that 
are recognized in living ones, it would seem 
wise to reserve this term for individual ab- 
normal fossil specimens.‘ Likewise, the term 
hypermorphosis coined by embryologist 
deBeer (1940, pp. 29, 65) to indicate the case 
of “‘overstepping”’ in ontogeny of evolution- 
ary lineage, has been subsequently used by 
geneticist Schmalhausen (1946, p. 459, 470) 
to indicate the particular case of ‘‘over- 
development with a loss of coordination 
with the environment” a condition that is 
generally ‘‘inadaptive’”’ and it was proposed 
to distinguish this abnormal and harmful 
phenomenon from ‘‘the general increase in 
size, which is not infrequently observed in 
some phyletic branches. These increases of 
size are generally obviously adaptive.”’ 

The application of this term to the phe- 
nomenon of the normal phyletic increase in 
size of ammonites (Newell, 1948, p. 1342) in 
either deBeer or Schmalhausen’s sense may 
be questioned. 

A safe and quite appropriate procedure 
in describing minute changes in fossils is to 
call them variations, if horizontal or syn- 
chronous, or paleontological mutations 
(waagenons,® if you please) if vertical or 

‘For a correct application to fossils of the 
biological terms gigantism and dwarfing, see the 


classical monograph on ‘‘The British Carbonif- 
erous Producti’”” by H. M. Muir-Wood, 1928, 


p. il. 
5 Provisionally introduced by Caster 1949, and 


supported by Elias (MS). 
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heterochronous. Paleontologists who wish to 
indulge in the difficult and dangerous task 
of interpreting these changes in terms of 
contemporary genetics may do so at their 
own risk, but should refrain from confusing 
the existing orderly paleontological record 
which grows by our joint efforts and will al- 
ways remain open for various advanced bio- 
logical interpretations. 


NOMENCLATORIAL RULES IN PROPER 
PERSPECTIVE 


Much progress in orderliness and uni- 
formity has been achieved in the field of 
paleontologic taxonomy. Some paleontolo- 
gists, however, seem to lose sight of the sub- 
servient role of taxonomy to biology and 
worship taxonomy as an end in itself. The 
naive notion seems to be held that as soon 
as all the fossils are described and listed with 
proper regard to man-made _ taxonomic 
Rules, the fossils will automatically fall 
into a complete and perfect evolutionary 
pattern. 

Rigid adherence to the present taxonomic 
rules require their retroactive application 
and many times has resulted in the rejection 
of an old and well known name in favor of a 
new and unfamiliar one or an older one long 
ago forgotten. The unrealistic notion is 
widely held that, as soon as such a change 
has been legally made, all paleontologists 
can forget the discarded name, that progress 
has been made and no harm done. Experi- 
ence proves, however, that in each case pale- 
ontologists are invariably burdened with the 
necessity of remembering two names rather 
than one because this practice does not 
magically substitute new names for old in 
the previous literature which is indispensa- 
ble in any thorough study. Part of the dif- 
ficulty results from the fact that zoological 
and botanical rules of nomenclature are ap- 
plied to incomplete fossil remains for which 
they were not intended. An example of the 
type of confusion that arises has been men- 
tioned previously in this paper. Strict ap- 
plication of the present rules inevitably 
leads to arbitrary legalistic decisions rather 
than reasonable ones, especially when retro- 
actively applied. The current practice of 
changing time honored names usually leads 
to confusion instead of uniformity, com- 
plicates unnecessarily an already existing 
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complex situation, and constitutes waste of 
effort, time and printed paper, all of which 
are badly needed for essential and useful 


research. 
COMPLEXITY OF PALEONTOLOGY 


Empirical use of fossils may cause them 
to be regarded merely as part of the litho- 
logic characteristics of a rock formation, and 
as such they are an important part of sedi- 
mentary petrology. Paleontology, however, 
demands the recognition of fossils as the re- 
mains of organisms, and as a science it is a 
synthesis of biology and geology. No short 
cut to the proper understanding and 
practical use of fossils in geology exists that 
by-passes biology, and the paleontologist 
must be both a biologist and a geologist 
even if this may require almost super- 
human effort on his part. 

Some parts of biologic science are so well 
advanced that they may be applied im- 
mediately by the paleontologist providing 
he can find this useful information in the 
complex biologic literature, but occasionally 
problems encountered by the paleontologist 
require purely biologic studies that have 
never been previously undertaken. Only a 
few paleontologists have the courage and 
background to attack effectively such com- 
plex problems, but their work has a far 
reaching effect on the progress of the whole 
structure of earth sciences. It belongs in the 
domain of the basic research. 
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THE CODASTER ALTERNATUS-CODASTER PYRAMIDATUS 
GROUP OF BLASTOIDS FROM THE MID- 
DEVONIAN OF NORTH AMERICA 
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Asst? 4ct—Lyon (1857), Shumard (1858) and Rowley (1902) described several spe- 
cies and varieties of blastoids from the richly fossiliferous Mid-Devonian rocks at the 
Falls of the Ohio River and elsewhere in the vicinity of Louisville, Kentucky. Sev- 
eral closely related species of Codaster, to which we refer as the Codaster alternatus- 
Codaster pyramidatus group, were first described from this area and subsequently 
were reported from other localities. Because the species are gradational and because 
the original descriptions and illustrations are inadequate, misidentifications and 
spurious reports of geologic occurrence are commonplace in the literature. This 
paper summarizes the results of a restudy of the original type material, plus all 
specimens that we could locaie in repositories throughout the country, and speci- 
mens that we have collected. No new species are described, but one variety is raised 
to specific rank, one species is illustrated for the first time, and one species or variety 


is suppressed as a synonym. 


INTRODUCTION 


BJECTIVES of this  study.—While 
restudying the Devonian blastoids of 
North America the writers learned that 
much confusion existed regarding the re- 
lationships of Codaster alternatus, C. pyra- 
midatus, and some related species of blas- 
toids described originally from Mid-Devo- 
nian strata in the vicinity of Louisville, 
Kentucky. A study of specimens in various 
museums, specimens collected by us, and a 
review of the literature has revealed that 
the species of the Codaster alternatus- 
Codaster pyramidatus group have been con- 
fused repeatedly and should be studied 
anew. The purpose of this paper is to define 
more clearly the characters of the species of 
this group and to establish their strati- 
graphic positions as closely as possible. 
Acknowledgements.—This study was sup- 
ported in part by the Research Committee 
of the Graduate School at the University of 
Wisconsin from funds supplied by the Wis- 
consin Alumni Research Foundation. These 
funds provided for a research assistant, and 
partial expenses for field work and for study- 
ing collections in out-of-state museums. 
Many persons have aided the study. We are 
especially grateful to Drs. R. S. Bassler and 
G. A. Cooper and Mr. Arthur Bowsher of 
the United States National Museum for the 
many courtesies extended us while we were 


studying at the Museum. Drs. Norman D. 
Newell and Otto Haas extended similar 
courtesies at the American Museum of 
Natural History. For the loan of specimens 
we wish to thank Dr. J. Marvin Weller of 
the University of Chicago and Drs. John W. 
Wells and Grace A. Stewart of the Ohio 
State University. Finally, we are greatly in- 
debted to Mr. Guy Campbell of Corydon, 
Indiana, whose knowledge of the stratig- 
raphy of southern Indiana and northern 
Kentucky has been a great help in estab- 
lishing the stratigraphic position of the 
Devonian blastoids of this area. 


STRATIGRAPHIC OCCURRENCE 


Richly fossiliferous Devonian strata in 
the vicinity of Louisville, Kentucky, and 
the adjacent part of southern Indiana have 
been a favorite source of collections for 
paleontologists for well over a century. In 
addition to the fine outcrops at the Falls of 
the Ohio, extensive quarrying operations af- 
forded good collecting from Onondaga and 
Hamilton strata along the various branches 
of Beargrass Creek in and near Louisville 
and also north of the river in southern 
Indiana. Blastoids are rare in present-day 
exposures and they probably were never 
very numerous, but altogether the Devonian 
of this area is known to have yielded several 
hundred specimens of which we have suc- 
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ceeded in locating and studying nearly two 
hundred. Insofar as we are aware, the largest 
lot of Devonian blastoids collected in this 
area is now in the Springer Collection at the 
United States National Museum. This valu- 
able collection contains Lyon’s types of 
Codaster alternatus, the lectotype of C. pyra- 
midatus Shumard, the type of Wachsmuth’s 
Heteroschisma alternatum var. elongatum, 
topotype material of C. americanus Shu- 
mard, and numerous other specimens. Dr. 
Harold E. Vokes called our attention to the 
presence of the G. K. Greene Collection in 
the American Museum of Natural History. 
This famous old collection from the Louis- 
ville area, made over a period of many 
years, contains the types of C. attenuatus 
var. robustus Rowley and the other blastoids 
described and figured by Rowley (1902) in 
G. K. Greene’s ‘‘Contributions to Indiana 
palaeontology.”’ 

Our efforts to determine the precise strati- 
graphic position of the blastoids in these old 
collections have not been entirely successful. 
Some of the specimens were collected before 
the Devonian of the Louisville area was dif- 
ferentiated into Onondaga and Hamilton, 
and consequently the accompanying labels 
merely state that they came from the 
Devonian at the Falls of the Ohio. Accord- 
ing to Guy Campbell (personal communica- 
tion, July, 1948), who has collected in the 
Devonian of southern Indiana for many 
years, and is thoroughly familiar with its 
stratigraphy, the problem is complicated by 
the fact that many of the better specimens, 
some of which are partially or wholly silici- 
fied, were collected from the residuum of two 
or more formations, 7.e., the Beechwood and 
Silver Creek, and in some cases the residuum 
contained mixed Onondaga and Hamilton 
faunas. 

With the expectation that it would be a 
relatively easy matter to determine the 
stratigraphic range of the species of Codaster 
represented in the museum collections, the 
senior writer collected in the Devonian of 
southern Indiana and northern Kentucky 
for several days during July, 1948, a part of 
the time in the company of Mr. Campbell. 
The number of specimens obtained was dis- 
appointingly small and, whereas we may 
know that a species is represented at a cer- 
tain horizon, we can not be sure that the 


total vertical range is not greater. Most of 
the quarries in this area are old, many of 
them having been opened during the last 
half of the nineteenth century when the 
Silver Creek hydraulic limestone was the 
basis for a thriving natural cement industry 
and many of them have not been worked 
for fifty years. In crinoidal limestones like 
the Beechwood, blastoids and crinoids are 
best collected on the weathered surfaces of 
joint planes and the upper surface of the 
bedrock soon after the mantle has been re- 
moved. These weathered surfaces will yield 
but one crop of blastoids and crinoids, and 
once they have been harvested it is practi- 
cally impossible to obtain a complete calyx. 
Specimens can rarely be broken whole from 
fresh limestone, as brachiopods can be, but 
tend to disintegrate into individual plates. 

Table 1 shows the stratigraphic positions 
of the valid species of Codaster described 
from the Devonian of the Louisville area. 
C. robustus appears to be restricted to the 
Beechwood member of the Sellersburg 
formation. C. alternatus seems to be con- 
fined to the Onondaga, notwithstanding re- 
ports of the species from the Hamilton. The 
type specimens came from just below the 
Nucleocrinus bed in the upper part of the 
Jeffersonville formation and all other speci- 
mens that have been located accurately 
with respect to stratigraphic position seem 
to have come from the same zone. Reports of 
this species outside the Jeffersonville for- 
mation seem to be based on misidentifica- 
tion of specimens, 7.e., all specimens of C. 
alternatus reported from the Columbus lime- 
stone of Ohio have proved to be C. pyrami- 
datus. C. pyramidatus occurs in the Onon- 
daga in Kentucky, Indiana, Ohio and New 
York, and Stauffer (1915, pp. 81, 127) has 
reported it from the Onondaga of south- 
western Ontario. In Kentucky and Indiana 
it is found with Nucleocrinus verneuili and 
Paraspirifer acuminatus in the upper Jeffer- 
sonville and it occurs in zone H at the top 
of the Columbus limestone in Ohio, where it 
is associated with the same species. At least 
one representative of the species has been 
found in New York. All of the specimens of 
C. americanus that we have seen came from 
the Jeffersonville formation at Louisville, 
apparently from the upper part of the for- 
mation. 
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MID-DEVONIAN BLASTOIDS 


PALEONTOLOGY 


History of Nomenclature and Problems in 
Taxonomy.—Lyon (1857, pp. 493-495, pl. 5, 
figs. 3, 3a, 3b) described and figured as 
Codaster alternatus some blastoids that he 
had obtained from what is now termed the 
Paraspirifer acuminatus zone of the upper 
part of the Jeffersonville formation (Onon- 
dagan) near Louisville, Kentucky. A year 
later Shumard (1858) described Codaster 
pyramidatus (pp. 238, 239, pl. 9, fig. 1a-e) 
and Codaster americanus (p. 239) from the 
Devonian of the same area and, as nearly as 
we can determine, from approximately the 
same stratigraphic position. Wachsmuth, 
who studied a collection of nearly forty 
specimens from Louisville, expressed the 
opinion (1883, pp. 353, 354) that Lyon’s il- 
lustrations were based on two species, that 
only his figure 3a should be identified as C. 
alternatus, and that figures 3 and 3b should 
be referred to Shumard’s species C. pyra- 
midatus. He stated further that the former 
species, as thus restricted, includes both 
large and small representatives, and he pro- 
posed to restrict the species name, alter- 
natus, to the smaller ones and to regard the 
larger specimens as a variety, for which he 
proposed the new name elongatus; but he ad- 
mitted that these might be only the adults 
corresponding to the other, smaller speci- 
mens. Finally, he referred C. alternatus and 
its variety elongatus to his newly erected 
genus Heteroschisma, but retained C. pyra- 
midatus in the genus Codaster. 

Etheridge and Carpenter (1886, p. 267) 
rejected Wachsmuth’s genus Heteroschisma 
as a synonym of Codaster, but agreed with 
Wachsmuth that Lyon had described two 
species under the name Codaster alternatus. 
They figured as C. alternatus var. elongatus 
(pl. 10, figs. 19, 20) a specimen which they 
had obtained on loan from Wachsmuth, but 
for want of other specimens with which to 
make a comparison, they offered no opinion 
as to whether it is actually a variety of C. 
alternatus. 

Bather (1899, p. 3) listed elongatus as a 
variety of C. alternatus and expressed the 
view that the name alternatus is probably a 
misprint for attenuatus. Rowley, who fol- 
lowed Bather in regard to this supposed 
mistake, described and figured several speci- 
mens from the Devonian of Ohio and Indi- 
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ana as C. attenuatus Lyon (1902, p. 95, pl. 
30, figs. 20, 21; 1903, p. 128, pl. 36, figs. 
50, 51), C. attenuatus Lyon? (1902, p. 94, 
pl. 30, figs. 14, 15), and C. attenuatus var. 
robustus Rowley (1902, p. 94, pl. 30, figs. 12, 
13, 16, 17). 

The uncertainty regarding the relation- 
ships of the species of the Codaster alter- 
natus-Codaster pyramidatus group seems to 
result largely from the fact that Lyon’s de- 
scription of C. alternatus was based on 
material consisting of more than one species. 
In order to clear up this confusion we have 
studied Lyon’s types of C. alternatus and 
Shumard’s type of C. pyramidatus in the 
United States National Museum and Row- 
ley’s types of C. attenuatus var. robustus in 
the American Museum of Natural History. 

Lyon’s syntypes of C. alternatus consist of 
five specimens, two of which clearly are the 
specimens on which his figures 3a and 3b are 
based. Because Wachsmuth restricted this 
name to forms conspecific with the species 
represented by Lyon’s figure 3a, we hereby 
designate as the lectotype of Codaster alter- 
natus that one of Lyon’s syntypes from 
which his figure 3a was drawn, and which is 
the specimen that we have photographed 
and reproduced as figures 7-9 of plate 27. 
One more of Lyon’s syntypes is conspecific 
with the lectotype, and this specimen is 
designated as a paralectotype. The specimen 
from which Lyon’s figure 3b was drawn we 
are referring to the species that Rowley de- 
scribed as C. attenuatus var. robustus. Of 
Lyon’s other two types, one is referable to 
C. robustus, and the other is intermediate 
between C. pyramidatus and C. robustus. 

Heteroschisma alternatus var. elongatum 
Wachsmuth (1883, footnote, p. 354) is 
merely the adult form of Codaster alternatus, 
a possibility recognized by Wachsmuth at 
the time he introduced the name. We have 
confirmed the synonymy by direct compari- 
son of Lyon’s types of C. alternatus with a 
specimen identified by Wachsmuth as 
elongatus and loaned to Etheridge and Car- 
penter for study and illustration (1886, pl. 
10, figs. 19, 20). 

Rowley regarded C. attenuatus var. 
robustus as a variety of Lyon’s species C. 
alternatus. He probably was influenced by 
Lyon’s figure 3b, and, as noted above, we 
refer the specimen from which this illustra- 
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TABLE 2,—SUM MARY OF CHARACTERS BY WHICH MEmBERs OF Codaster alternatus—C odaster 
pyramidatus GROUP CAN BE DIFFERENTIATED 


(All Measurements in Mm.) 
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tion was made to C. robustus. This species is 
not at all similar to C. alternatus as re- 
stricted by us. It is closely related to C. 
pyramidatus, although we consider it to be 
a distinct species. 

Shumard’s'-_ original description of 
Codaster americanus (1858, p. 237) was not 
accompanied by illustrations nor has the 
species been subsequently figured. Shumard 
stated that the species is similar to C. pyra- 
midatus, “of which it may be merely a 
strongly marked variety.” In our collection 
there are twelve specimens that can be re- 
ferred to this species, which is quite distinct 
from C. pyramidatus and the other species in 
this group. 

Summary of specific characters—Table 2 
summarizes the characters by which the 
species of this group can be differentiated. 
Further details are given in the specific 
descriptions. 


SYSTEMATIC DESCRIPTIONS 
Genus CoDASTER M’Coy, 1849 


The following generic description is es- 
sentially the same as that given by Cline 
(1944, p. 134) in the last edition of ‘‘Index 
fossils of North America’? by Shimer and 
Shrock. 

Calyx conical, acutely pointed below and 
truncated above, periphery near summit; 
transverse section pentagonal; basals and 
radials long, subequal; radials only slightly 
notched by sinuses, limbs bent inward and 
forming part of truncated summit; deltoids 
small, wholly confined to summit; four of 
them triangular, each bearing a median 
longitudinal ridge, the fifth without a ridge 
and pierced by a large oval anus. In C. 
pyramidatus, C. alternatus, C. americanus, 
and C. robustus the posterior deltoid is re- 
presented by two plates, the subdeltoid and 
superdeltoid, which may be the counter- 
parts of the epideltoids and hypodeltoids ob- 
served in some other genera, but as we have 
not completed our study of these structures 
in some other species of the genus, we are 
not certain of the correspondence. In genera 
having epideltoid and hypodeltoid plates 
the anus occurs between them, but in the 
species of Codaster mentioned above the 
anus is bounded aborally by the radials and 
is enclosed laterally and adorally by a 
crescent-shaped plate, the subdeltoid (prob- 





ably the counterpart of the epideltoid), 
which is separated from the barb-shaped 
apex (superdeltoid) by a distinct suture. 
Ambulacra short, petaloid to linear, con- 
fined to summit; hydrospires in eight groups, 
two in each interradius except the posterior 
one, a variable number of folds (two to ten 
observed) in each group; spiracles absent, 
the hydrospires opening externally through 
elongated slits which penetrate the trun- 
cated inner edges of the radial limbs and 
adjacent portions of deltoids. 


CODASTER ALTERNATUS Lyon 
Plate 27, figures 3-10, 13, 14 


Codaster alternatus Lyon, 1857, Kentucky Geol. 
Surv., vol. 3, pp. 493-495, pl. 5, fig. 3a (but 
not 3 and 3b); ETHERIDGE and CARPENTER, 
1886, Catalogue of the Blastoidea, pp. 33, 138, 
265, 267; BATHER, 1889, Genera and species of 
Blastoidea in the British Museum, p. 3; 
GRABAU and SHIMER, 1910, North American 
index fossils, vol. 2, p. 487; BAssSLER and 
Moopey, 1943, Geol. Soc. America Special 
Paper 45, p. 214. 

Heteroschisma alternatum WACHSMUTH, 1883, III. 
Geol. Survey, vol. 7, p. 353 and footnote, pp. 
353-354; , 1886, Davenport Acad. Nat. 
Sci. Proc., vol. 4, p. 84 (footnote). 

Heteroschisma alternatum var. elongatum WACHS- 
MUTH, 1883, Ill. Geol. Survey, vol. 7, p. 354 
(footnote); ——, 1886, Davenport Acad. Nat. 
Sci. Proc., vol. 4, p. 84 (footnote). 

Codaster alternatus var. elongatus ETHERIDGE and 
CARPENTER, 1886, Catalogue of the Blastoidea, 

p. 23, 33, 34, 88, 262, 267, pl. 10, figs. 19, 20; 
ase. 1899, Genera and species of Blastoi- 
dea in the British Museum, p. 3; BASSLER and 
Mooney, 1943, Geol. Soc. America Special 
Paper 45, p. 214. 

Codaster attenuatus? ROwWLeEy, 1902, in G. K. 
Greene, Contributions to Indiana palaeon- 
tology, vol. 1, pt. 10, p. 94, pl. 30, figs. 14, 15. 


Description—Shape of calyx varying 
from clavate-pyriform in youth to ob- 
pyramidal at maturity. Higher than wide, 
the height-to-width ratio being about 1.7:1 
in young and adolescent forms and decreas- 
ing slightly to 1.5:1 in the largest individu- 
als. Base attenuate, slightly truncated. In 
young forms sides of calyx diverge gradually 
upward, the angle increasing slightly in 
lower part of radialia and decreasing again 
as lower ends of ambulacra are approached; 
in larger specimens sides of calyx are 
straight, diverging upward at a constant 
rate to the lower ends of ambulacra where 
the radial limbs contract sharply; summit 
truncated in contrast to the more rounded 
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Fic. 1—Size range and frequency distribution 
of well preserved specimens of the Codaster 
alternatus-Codaster pyramidatus group. 


summit of specimens having a diameter of 
less than 8 mm. Transverse section pentag- 
onal through radialia, the sides being 
slightly concave in all but the largest speci- 
mens in which they are nearly straight; 
section triangular through apex of basalia, 
becoming rounded pentagonal above. Pe- 
riphery at lower ends of ambulacra. 

The average dimensions of 19 measured 
specimens are: height 8.5 mm., width 5.5 
mm., the largest being 15.4 mm. high and 
10.6 mm. wide, the smallest 5.1 mm. high 
and 3.2 mm. wide. Text figure 1 shows the 
size range and frequency distribution of 26 
specimens of C. alternatus in which it is pos- 
sible to measure the width, and similar data 
are shown for allied species. These graphs 
obviously show that larger collections are 
desirable but the shapes of the curves in- 
dicate that the average width of adult 
forms is different in each species. The size 
range of our specimens is so great that it 
would be meaningless to give average meas- 
urements for plates, ambulacra and other 
structures. Accordingly, the length of the 
basals as compared with that of the radial 
bodies is shown graphically in one of the 
curves in text figure 2. These curves also 
bring out the differences in the ratios in 
Codaster alternatus and some allied species. 
Text figure 3 shows the width of the ambu- 
lacra plotted against the width of the radial 
sinus and shows this curve in comparison 
with similar curves of other species. Text 
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figure 4 shows the length of the deltoids 
plotted against the diameter of the calyx 
and includes curves showing similar data for 
other species. 

Basalia an inverted pyramid, in young 
forms higher than wide and constricted near 
apex, but in the largest forms the height and 
width are about equal, the constriction at 
the base is less noticeable, and a very slight 
constriction at the basi-radial suture gives 
the basalia a slightly inflated lateral profile; 
the height-to-width ratio is about 1.2:1 in 
specimens from 7 to 8 mm. high, 1.1:1 in 
specimens having a height of 12 to 14 mm,, 
and is 9.1:1 in a specimen 15.6 mm. high, 
which is the second largest specimen in our 
collection. Basalia constitutes nearly one- 
half height of calyx in the smaller forms, and 
only one-third the height of the largest 
forms: in specimens from 5.1 to 5.3 mm. 
high the basalia is 2.5 mm. long, in speci- 
mens 9.9 mm. high the basalia is 4.1 long, 
Transverse section circular-pentagonal 
above, becoming triangular below. Two 
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Fic. 2—Diagram showing relationship of length 

of basals to length of radial bodies in the 
Codaster alternatus-Codaster pyramidatus group. 
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basals hexagonal and in contact with radials 
on three sides; azygos basal smaller, pentag- 
onal, much higher than wide. Basi-radial 
sutures distinct but not conspicuous. Orna- 
mentation weak. 

Radialia expanding upward and attaining 
greatest width at lower ends of ambulacra. 
Transverse section through radialia circular- 
pentagonal below, becoming strongly pentag- 
onal above; sides of pentagon gently con- 
cave in young individuals, becoming nearly 
straight in adult forms. Radials twice as 
high as wide in large specimens, width in- 
creasing gradually upward to maximum at 
lower end of sinus. Radial limbs bent inward 
toward mouth, the rate of contraction in- 
creasing slightly adorally. Bodies twice as 
long as limbs (limbs being measured along 
sides of radial sinus), averaging 2.8 mm. and 
1.5 mm. respectively in specimens 7 mm. to 
8 mm. high, and 8 mm. and 4.2 mm. in a 
specimen 15.6 mm. high. Trending length- 
wise through midportion of each radial body 
is a low raised area whose outline is that of 
a very narrow isosceles triangle wedging out 
upward at the radial sinus. Radial ornamen- 
tation consists of fine lirae parallel to plate 
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Fic. 3—-Diagram showing relationship of width 
of ambulacra to width of radial sinuses in the 
Codaster alternatus-Codaster pyramidatus group. 
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Fic. 4—Diagram showing relationship of length 
of deltoids to width of calyx in the Codaster 
alternatus-Codaster pyramidatus group. 


margins, being transverse where they cross 
the raised triangular areas and longitudinal 
elsewhere. Interradial sutures distinct but 
not conspicuous. 

Deltoids small, barely visible in lateral 
view, but they and the ambulacra comprise 
a large portion of the area visible from 
above. Exposed portion of each deltoid 
about twice as long as wide, broadly V- 
shaped aborally where it is bounded by the 
radio-deltoid suture, sides narrowing gradu- 
ally adorally but near apex of plate expand- 
ing rapidly as the ambulacra suddenly de- 
crease in width, the effect being to produce 
a blunt spear-shaped apex on each deltod. 
Median portion of plate elevated into a 
narrowly rounded longitudinal ridge which 
is inclined away from the mouth in young 
individuals, becomes level at maturity, and 
is inclined toward the mouth in the largest 
specimens that we have studied; adorally 
the ridge passes into a somewhat flattened 
area that forms the apex of the plate; the 
apex slopes away from the mouth, is ele- 
vated above the ambulacra in young forms, 
but is slightly depressed below them in the 
largest forms. Radio-deltoid suture V- 
shaped, the sides of the V at right angles to 
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Fic. 5—Diagram showing relationship of number of hydrospire slits to height of calyx in 
the Codaster alternatus-Codaster pyramidatus group. 
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adjoining ambulacra. Deltoids truncate 
radial limbs along a surface whose inward 
slope may in part result from beveling of the 
radials and overlap by the deltoids. Apex of 
posterior deltoid similar to others, but 
aboral portion perforated by the large cir- 
cular anus. Anus bounded aborally by 
radial limbs but adoral and lateral portions 
enclosed by a narrow, slightly raised horse- 
shoe-shaped plate or collar; this plate is 
separated from the radials by two distinct 
sutures and is just as clearly set off from the 
deltoid apex by a curved suture. The plate 
is presumed to be related to the posterior 
deltoid rather than to the adjoining radials 
and possibly should be compared with the 
epideltoid plates that have been observed 
in Schizoblastus (Wanner, 1924; Cline, 1936), 
Brachyschisma, Pleuroschisma and perhaps 
in Schizotremites (Reimann, 1945). In 
genera in which epideltoid and hypodeltoid 
plates have heretofore been observed, the 
plates completely enclose the anus, whereas 
in Codaster elongatus, C. robustus, C. pyra- 
midatus and C. americanus the aboral side of 
the anus is excavated in the limbs of two ad- 
jacent radials. 

The name subdeltoid plate is proposed for 
the collar-shaped plate adjacent to the anus, 
and the name superdeltoid plate is suggested 
for the barbed-shaped adoral component of 
the anal deltoid region. The superdeltoid is 
in contact with the subdeltoid, but is 
separated from it by a suture. 

Eight groups of hydrospires, arranged in 
groups of two in each regular radial inter- 
radius, opening externally through elon- 
gated slits shared about equally by radials 
and deltoids; none in the anal interradius. 
Each group of slits occupies a triangular 
area on the beveled inner margin of a radial 
limb and the adjacent aboral and lateral 
portion of a deltoid. Slits approximately 
parallel to ambulacra, each slit making an 
acute angle with its corresponding deltoid 
ridge. Outer slits very short, becoming pro- 
gressively longer toward adjacent ambula- 
crum, the longest slit being about one-half 
length of ambulacrum. Number of slits in- 
creases with the size of the specimen as fol- 
lows: two to three slits in specimens from 
5 to 7 mm. high, three to four where height 
is 7 to 10 mm., four to five in specimens 10 
to 12 mm. high, and five to seven in speci- 


mens 12 to 16 mm. high (see text figures 5 
and 6). Innermost slit partially concealed by 
the overhanging side-plates of an ambula- 
crum. 

Ambulacra petaloid in youth, becoming 
more linear at maturity; width about half 











® C. olternotus / 
i 


@ C. omericonus / rn 


iu 
© C. pyromidotus 
= C robustus 








VA 





© 
Width of Colyx in mm 
° 
— 
. 
Ls) 


~n 
T 


20 





uw 


AF 
/ , 
4 7 























Number of Hydrospire Slits 
3 4. 
= 3 S 7 9 " 





Fic. 6—Diagram showing relationship of number 
of hydrospire slits to width of calyx in Codaster 
alternatus-Codaster pyramidatus group. 


that of sinus in young forms, decreasing to 
about two-fifths width of sinus at maturity; 
length about one-third height of calyx in 
small specimens, about one-half height in 
largest forms. Lancet completely concealed 
by side-plates and outer side-plates which 
are arranged in four vertical rows of about 
equal width; in specimens 7 mm. high there 
are about nine side-plates per row and in 
large forms there are about 20. The two 
rows of side-plates are separated by the 
prominent ambulacral groove, and a prom- 
inent longitudinal groove likewise sepa- 
rates each row of side-plates from the outer 
side-plates. Outer edges of outer side-plates 
deflected upward to produce an elevated 
ridge, and the two ridges thus formed cause 
the ambulacrum to be outwardly concave, 
but this concavity is prominent only in well- 
preserved specimens. In general the ambu- 
lacra are about level with the bordering 
sinus, but the degree of elevation varies with 
age of specimen: in young specimens the 
ambulacra are level with the sinus or ele- 
vated slightly above it, but in the largest 
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forms the highest portion of the deltoid 
ridge stands somewhat above the ambu- 
lacrum. 

Remarks.—The five specimens comprising 
the type material of Lyon’s Codaster alter- 
natus are in the Springer Collection in the 
United States National Museum and until 
recently were cataloged under a single 
number (S3201). One of the specimens is 
marked as though it were the holotype, but 
Lyon did not designate a holotype, nor has 
any subsequent worker properly done so. 
Our examination of the types has confirmed 
Wachsmuth’s (1883, pp. 353, 354) published 
opinion that Lyon’s description was based 
on type material containing more than one 
species. Wachsmuth restricted the name C. 
alternatus to the species represented by 
Lyon’s figure 3a and he referred Lyon’s 
figures 3a and 3b to Shumard’s species C. py- 
ramidatus. Lyon’s figure 3a is an oral view 
of the specimen which Springer (or perhaps 
some other person) marked as the “‘type,”’ 
and for the purpose of comparison we have 
reproduced as figures 8 and 10 of plate 27 
Lyon’s original illustration alongside our 
photograph of the so-called type. If the 
similarity of these figures is not convincing 
evidence that they represent the same speci- 
men, our examination of the syntypes con- 
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firms the point. Lyon’s figure 3b was drawn 
from another syntype; his illustration and 
our photograph of the specimen are repro. 
duced as figures 6 and 10 of plate 28. Their 
similarity is quite apparent, and when they 
are compared with our photographs of 
Lyon’s other syntypes, which are repro- 
duced on this same plate (figs. 16 and 34), 
there is no doubt about the identity of the 
specimen represented by Lyon’s figure 3b, 
We cannot determine which specimen was 
the model for Lyon’s “generic figure” 
(his fig. 3), but we suspect that it was the 
one from which his figure 3b was drawn. 

We cannot agree with Wachsmuth in re- 
ferring the specimen represented by Lyon's 
figure 3b to C. pyramidatus Shumard. On the 
contrary, it is conspecific with Rowley’s 
(1902, p. 94, pl. 30, figs. 12, 13, 16, 17) ¢ 
attenuatus var. robustus, to which we assign 
specific rank. 

One of Lyon’s three remaining syntypes 
is conspecific with the specimen represented 
by Lyon’s figure 3a, another is conspecific 
with the specimen represented by Lyon's 
figure 3b, and the third is intermediate be- 
tween C. pyramidatus and C. robustus. Else- 
where in this paper we have designated as 
the lectotype of C. alternatus the specimen 
from which Lyon drew his figure 3a. 











EXPLANATION OF PLATE 27 


All figures are unretouched photographs except 6, 10-12, and 2/—23, which are copied from pub- 
lished illustrations. All figures X2. 


Fics. /, 2, 11, 12, 15-26—Codaster pyramidatus Shumard. Specimens from the Columbus limestone 
(Onondaga), Columbus, Ohio: /, 2, interradial and radial views of a hypotype (USNM No. 
(S4592); /5, posterior interradial view of a hypotype (OSM No. 19852); 16, 17, a hypotype 
(AMNH No. 23794) previously illustrated by Rowley (1902, pl. 30, figs. 22 and 23); 18-20, 
an aberrant specimen (a hypotype, AMNH No. 23795) with strongly stellate transverse 
section and constricted at the basi-radial sutures; this specimen also was illustrated by 
Rowley (1902, pl. 30, figs. 24, 25). 11, 12, Reproductions of Hall’s (1862, pl. 1, figs. 12, 13) 
illustrations of a specimen from the Onondaga near Caledonia, New York (AMNH No. 
2975). 21-23, Reproductions of Etheridge and Carpenter’s (1886, pl. 12, figs. 1—3) illustra- 
tions of C. pyramidatus. 24-26, The lectotype (USNM No. $3214) of C. pyramidatus ; from 
the Jeffersonville limestone, Louisville, Kentucky. (p. 167) 

3-10, 13-14, Codaster alternatus Lyon. 3, A hypotype (USNM No. $3203) from the Nucleo- 
crinus subzone of the Paraspirifer acuminatus zone of the Jeffersonville formation, near 
Whirlpool Point, Falls of the Ohio, Clark County, Indiana. 4, 5, A hypotype (USNM 
No. $3207) Jeffersonville formation, Louisville, Kentucky; 6, this specimen, illustrated by 
Etheridge and Carpenter (1886, pl. 10, figs. 19, 20) as C. alternatus var. elongatus, was 
identified by Wachsmuth as his Heteroschisma alternatum var. elongatum and loaned to them 
for study. 7-9, The lectotype (USNM No. $3201) of C. alternatus; from the Jeffersonville 
formation, Falls of the Ohio, Louisville, Kentucky. 1/0, Reproduction of Lyon’s (1857, pl. 5) 
fig. 3a, a drawing obviously based on the specimen that we have designated as the lecto- 
type. 13, 14, Two small hypotypes from the Jeffersonville formation at the Falls of the 
Ohio, Louisville, Kentucky; /3, an immature specimen 5.1 mm. high (USNM No. S4537); 
14, a slightly larger but youthful specimen 7.5 mm. high (USNM No. S4538). (p. 159) 
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Summary of characteristics of Codaster 
alternatus and comparison with allied species. 
—As exhibited by the lectotype, paralecto- 
type, and numerous topotypes, C. alternatus 
has the following distinguishing character- 
istics: a pentagonal transverse section with 
slightly concave sides; young specimens 
have a slender, rather attenuate base; the 
basals are relatively long, being longer than 
the radial bodies in specimens having a diam- 
eter of less than 5 mm.; the deltoids are 
relatively short as compared with the diam- 
eter of the calyx, with the result that the 
upper ends of the radials are prominent in 
an oral view; the deltoid ridges are narrow 
and the sides of the deltoids slope rather 
steeply downward toward the ambulacra; 
the radio-deltoid suture is easily discernible; 
and the ornamentation is relatively weak, 


consisting of fine lirae parallel to the plate 
margins; the lirae are easily obliterated and | 
are noticeable only in well preserved speci- 
mens. 

C. aiternatus is quite distinct from C. 
pyramidatus, C. robustus and C. americanus 
(see table 2). Its ambulacra are wider, more 
petaloid, and occupy a relatively larger pro- 
portion of the width of the sinus, and its 
deltoid ridges are sharper and slope more 
steeply toward the ambulacra. It has fewer 
hydrospire slits (see figs. 5 and 6), the num- 
ber on either side of an ambulacrum aver- 
aging one less than in C. robustus and C. 
pyramidatus, and two less than in C. ameri- 
canus in the same size grades. Also, the 
upper ends of the radials are more promi- 
nent when viewed from above. As previ- 
ously noted, the basals of C. alternatus are 
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All figures are X2 except 10 and 15. 


Fics. 1-13, 20, 21—Codaster robustus Rowley. 1, 2, Interradial and radial views of a hypotype (USNM 
No. $4584) from the Middle Devonian, Clark County, Indiana. 3-6, Hypotypes from the 





Middle Devonian, Louisville, Kentucky; 3-5, interradial, oral and radial views of a single 
specimen (USNM No. S4574); 6, photograph of one of Lyon’s syntypes (USNM No. S4602) 
of C. alternatus; this is probably the specimen on which his fig. 3b (Lyon, 1857, pl. 5, fig. 
3b) was based. (Lyon’s fig. 3b is reproduced as our fig. 10 immediately below our fig. 6.) 
7-9, Two hypotypes from the Middle Devonian, Falls of the Ohio, Louisville, Kentucky; 
7, 8, interradial and radial views of a single specimen (USNM No. $4585); 9, radial view of 
a strongly marked specimen (USNM No. S4586). /0, Reproduction of Lyon’s fig. 3b (1) 
to show the similarity between it and our fig. 6; both figures are believed to represent the 
same specimen. //—13, Three views of the holotype (AMNH Neo. 23790) which, according 
to Rowley, came from strata of Hamilton age (most likely the Beechwood member of the 
Sellersburg formation), Clark County, Indiana. 20, 21, A very large hypotype (USNM No. 
$4573) from the Jeffersonville limestone, Louisville, Kentucky. (p. 170) 


14, 15, 19, 26—34—Codaster pyramidatus Shumard. 14, 27-29, Specimens from the middle De- 


vonian (probably the Jeffersonville formation), Falls of the Ohio, Louisville, Kentucky; /4, 
a hypotype (AMNH No. 23796) which was originally figured by Rowley (1902, pl. 30, figs. 
20, 21) as C. attenuatus (should have been written C. alternatus); 27-29, Three views of a 
very young individual (a hypotype, USNM No. S4534). 15, 32, Two specimens from the 
“Corniferous’’ (probably from the upper part of the Columbus limestone), Columbus, 
Ohio; 15, oral view (X4) of a hypotype (WM No. 19067a) showing the plate structure of 
the anal region; 32, interradial view of another hypotype (WM No. 19067c). 19, Another 
hypotype (AMNH No. 23793) from the Middle Devonian (probably upper part of Colum- 
bus limestone), Columbus, Ohio; this specimen was previously illustrated by Rowley (1902, 
pl. 30, figs. 18, 19). 26, 30, 31, Specimens from the Columbus limestone, Columbus, Ohio; 
26, oral view of a hypotype (OSM No. 19853); 30, 31, a coarsely ornamented hypotype 
(OSM No. 19854). 33, 34, Specimens from the Jeffersonville formation in the Louisville, 
Kentucky, area; 33, oral view of a large hypotype (USNM No. S4590) from the old Work- 
house quarry; 34, another hypotype (USNM No. S4603) from the Louisville area; this 
specimen is one of Lyon’s syntypes of C. alternatus. (p. 167) 


16—A specimen intermediate in character between C. pyramidatus and C. robustus; one of 


Lyon’s syntypes of C. alternatus from the Jeffersonville formation, Louisville, Kentucky; 
now in the United States National Museum (a hypotype, No. S4604). (p. 164) 


17, 18, 22-25—Codaster americanus Shumard. All specimens from the Jeffersonville formation 


in the Louisville area in Kentucky. /7, A rather attenuate hypotype (USNM No. S4566). 
18, A large hypotype (USNM No. $4598) from Beargrass Creek; diameter of calyx 11.3 
mm. 22, A verv young specimen, a hypotype (USNM No. S4567); 23-25, The neotype of C. 
americanus (USNM No. S4565). (p. 171) 
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relatively long as compared with the radial 
bodies; in the three other species the latter 
are longer than the basals in all growth 
stages. In the transverse section, the slightly 
concave sides are in contrast to the straight 
sides of C. americanus, the slightly convex 
sides of C. pyramidatus, and the inflated 
sides of C. robustus. The _ radio-deltoid 
sutures are easily seen; they are less distinct 
in C. americanus, and are only barely dis- 
cernible in certain weathered specimens of 
C. pyramidatus and C. robustus. The orna- 
mentation on C.alternatus is relatively weak, 
whereas that of the other species is very 
pronounced. 

Synonymy.—As noted above, Wachs- 
muth’s (1883, footnote p. 354) Heteroschisma 
alternatum var. elongatum is the adult form 
of Codaster alternatus. We have ascertained 
this by comparing Lyon’s types with a speci- 
men of elongatum identified by Wachsmuth 
and loaned to Etheridge and Carpenter 
(1886, pl. 10, figs. 19, 20) for study. 
Etheridge and Carpenter returned the speci- 
men to Wachsmuth; it became a part of the 
Springer collection, and is now in the United 
States National Museum cataloged as 
$3207. The label which accompanies it 
identifies the specimen as that figured by 
Etheridge and Carpenter, and any doubt 
concerning its identity is dispelled by noting 
the chipped character of the base. Our 
photographs of this specimen (figs. 4 and 5 
of pl. 27) are shown alongside photographs 
of the lectotype of Codaster alternatus 
(figs. 7-9) and a copy of the illustration 
(fig. 6) of Etheridge and Carpenter. 

Rowley (1902, 1903) described and il- 
lustrated some Devonian blastoids as C. 
attenuatus, C. attenuatus? and C. attenuatus 
var. robustus in G. K. Greene's ‘‘Contribu- 
tions to Indiana palaeontology.’”’ For many 
vears the status of Rowley’s specimens has 
been in doubt because his descriptions are 
inadequate and his illustrations (drawings 
reproduced as woodcuts) are unsatisfactory. 
The whereabouts of Rowley’s types has not 
been generally known, but we recently 
learned that this collection is in the Ameri- 
can Museum of Natural History. We have 
studied Rowley’s material and have found 
that the only figured specimen that is con- 
specific with C. alternatus is the one that 
Rowley labeled as doubtfully belonging to 
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that species. Rowley’s types of C. attenuatys 
var. robustus (Rowley, 1902, pl. 30, figs. 12, 
13, 16, 17) clearly are not conspecific with 
C. alternatus and we are describing them 
elsewhere in this paper as a separate species, 
The form described and illustrated as C, at. 
tenuatus? (AMNH No. 23792) clearly is to 
be referred to C. alternatus; the basals are 
longer than the radial bodies, there are four 
hydrospire slits on each side of an ambu- 
lacrum, as compared to five and six in speci- 
mens of C. pyramidatus of comparable size, 
the transverse section is pentagonal with 
slightly concave sides, the summit is con- 
tracted so that the upper ends of the radials 
are prominent in an oral view, the ambulacra 
are petaloid, the deltoid ridges are narrow 
and sharp, the radio-deltoid sutures are 
prominent, and the calyx is devoid of orna- 
mentation. The specimens from the ‘‘ Middle 
Devonian” at the Falls of the Ohio (AMNH 
No. 23796) which Rowley (1902, pl. 30, 
figs. 20, 21) described and illustrated as C. 
alternatus we refer to C. pyramidatus, along 
with the specimens from the Middle Devo- 
nian at Columbus, Ohio (AMNH No. 23885), 
which Rowley (1903, p. 128, pl. 36, figs. 
50, 51) also identified as C. pyramidatus. 
Occurrence.—According to the label which 
accompanies Lyon’s types of C. alternatus 
the specimens came from the ‘Hamilton 
group, Louisville, Kentucky,’’ but Lyon's 
original description states that they were 
collected from earthy partings in limestone 
eight feet below the hydraulic cement beds 
and below the Nucleocrinus zone at the 
Falls of the Ohio and in the same geological 
position on the South Fork of Beargrass 
Creek, Jefferson County, Kentucky. The 
hydraulic cement bed is the Silver Creek 
member of the Sellersburg formation, 
(Hamilton) and strata eight feet lower are 
in the Paraspirifer acuminatus zone of the 
Jeffersonville limestone (Onondaga); the 
Nucleocrinus subzone is in the lower portion 
of this zone. Cataloged under the number 
$3202 in the United States National Mu- 
seum are twenty specimens of Codaster al- 
lernatus that came from the ‘Onondaga, 
Falls of the Ohio,” probably from the same 
zone within the Jeffersonville. The United 
States National Museum collection con- 
tains a few additional specimens labeled as 
coming from the Onondaga on the Indiana 
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side (Clark County) of the river at the Falls 
of the Ohio and from the Onondaga in the 
old Workhouse quarry and along Beargrass 
Creek in the vicinity of Louisville, Ken- 
tucky. Wachsmuth (1883, p. 353) reported 
his variety Heteroschisma alternatum var. 
elongatum (a synonym of C. alternatus) as 
occurring in the lower part of the Hamilton 
group along with J/eteroschisma [ = Codaster] 
alternatum. However, the label on the speci- 
men of C. elongatus that Wachsmuth loaned 
Etheridge and Carpenter (USNM No. 
$3207), and which they figured, records the 
beds as Onondagan. Most of the other 
numerous references in the literature to C. 
alternatus are in faunal lists which cite 
Lyon, Wachsmuth, or Rowley as the au- 
thority for the occurrence, and the other re- 
ported occurrences are based on misidenti- 
fied specimens. 

Types.—The lectotype and paralectotype 
are Nos. $3201 and S4601, respectively, in 
the United States National Museum; figured 
hypotypes USNM Nos. $3203, $3207, 54537, 
and $4538. 


CODASTER PYRAMIDATUS Shumard 

Plate 27, figures 1, 2, 11, 12, 15-26; plate 28, 

figures 14, 15, 19, 26-34 

Codaster pyramidatus SHUMARD, 1858, St. Louis 
Acad. Sci. Trans., vol. 1, no. 2, pp. 238, 239, 
pl. 9, figs. la-le; HALL, 1862, New York State 
Cabinet Nat. Hist. 15th Ann. Rept., p. 152, 
pl. 1, figs. 12, 13; ETHERIDGE and CARPENTER, 
1882, Ann. and Mag. Nat. Hist., ser 5, vol. 9, 
pp. 233-235; ——, 1886, Catalogue of the 
Blastoidea, pp. 266-268, pl. 12, figs. 1-3; 
Row.Ley, 1902, in: Greene, Contributions to 
Indiana palaeontology, vol. 1, pt. 10, p. 95, 
pl. 30, figs. 12, 18, 22-25; GRABAU and SHIMER, 
1910, North American index fossils, Inverte- 
brates, vol. 2, p. 487, fig. 1800; CLineE, 1944, 
in: SHIMER and SHROCK, Index fossils of North 
America, p. 134, pl. 50, figs. 4, 5. 

Codaster attenuatus ROWLEY, 1902, in: Greene, 
Contributions to Indiana palaeontology, vol. 
1, pt. 10, p. 30, figs. 20, 21; , 1903; in: 
Greene, Contributions to Indiana palaeon- 
tology, vol. 1, pt. 12, p. 128, pl. 36, figs. 50, 51. 


Description.—Calyx obpyriform in small 
forms, becoming club-shaped in some larger 
specimens. Basalia slightly truncated, sides 
diverging upward at about 34 degrees, the 
angle increasing to 55 or 60 degrees in lower 
part of radialia, thus producing a slightly 
concave area bordering the _basi-radial 
suture; average angle of divergence of radi- 
alia about 44 degrees; summit convex, con- 





tracting rapidly above periphery, which is 
located at lower ends of ambulacra. Trans- 
verse section pentagonal through radialia, 
nearly circular at basi-radial sutures, be- 
coming triangular through basalia; in large 
specimens depressed areas bordering the in- 
terradial sutures produce a stellate-pentag- 
onal peripheral section. 

The average dimensions of 29 specimens 
are; height 10.8 mm., width 7.2 mm., the 
largest being 17.1 mm. high and 11.8 mm. 
wide, the smallest 5.6 mm. high and 4.2 mm. 
wide (see text figs. 1, 4, 5, and 6); average 
length of basals in 29 specimens, 3.3 mm., 
the minumum being 2.3 mm., the maximum 
5.1 mm.; average length of radial bodies in 
31 specimens, 5.3 mm., the range being from 
2.7 mm. to 9.4 mm. (see text fig. 2); average 
length of deltoids in 26 specimens, 2.6 mm., 
the range being from 1.3 mm. to 3.8 mm. 
(see text fig. 4); average length of ambulacra 
in 15 specimens, 1.1 mm., ranging from a 
maximum of 1.4 mm. to a minimum of 0.8 
mm. 

Basalia slightly constricted below, form- 
ing approximately one-third the height of 
the calyx in mature individuals and a pro- 
portionately larger part in young ones. 
Three broadly rounded ridges, two radial in 
position and one aligned with the right 
antero-interray, originate on the basalia and 
pass upward into five ridges on the radialia. 
Two basals hexagonal and in contact with 
radials on three sides; azygos basal, smaller 
and pentagonal. Basi-radial suture distinct, 
but neither raised nor depressed. Ornamen- 
tation not as prominent as that of radialia, 
but fine transverse lirae have been observed 
on some specimens. 

Radialia higher than wide, expanding up- 
ward to height of periphery (lower ends of 
ambulacra), the rate of expansion decreasing 
thereabove; radials bent inward above pe- 
riphery, gradually contracting above. Ra- 
dials higher than wide, width increasing 
upward to periphery; bodies long, com- 
prising most of height of radials in side 
view; limbs comprise but a small part 
(perhaps one-fifth) of length of each radial 
measured around outside of plate. Text 
figure 2 shows the length of radial bodies 
plotted against length of basals. Bodies 
two-thirds as wide as high, for example, 
being 4 mm. wide and 6.5 mm. high in a 
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specimen 12 mm. high; gently convex out- 
ward in longitudinal section, strongly con- 
vex in transverse section, the convexity 
being greatest in the midportion, the sides 
nearly flat although in many adult forms 
strongly deflected inward at lateral margins 
of plates to produce a prominent depressed 
area in which the interradial sutures lie, 
thus giving a stellate outline to the trans- 
verse section of the radialia. Width and 
depth of depressed zone varies, but is about 
1.5 mm. wide in mature forms. Radial or- 
namentation consists of fine lirae parallel 
to lateral and lower margins of plates, which 
results in a long narrow triangular area with 
very fine transverse ornamentation, the area 
decreasing in width upward and correspond- 
ing to a raised triangular ridge; larger areas 
on each side marked with coarser, more 
widely spaced longitudinal (vertical) lirae, 
the coarsest bordering the interradial de- 
pressions. 

Deltoids subtriangular in outline, about 
three-fourths as wide as long, constricted 
near apex where ambulacra are widest, but 
widening again toward mouth, thus giving 
the apex the shape of a blunt spearhead. 
Deltoid ridge lanceolate, aboral portion out- 
wardly convex and narrowly rounded, be- 
coming flattened or slightly concave orally; 
in general, the ridges slope away from the 
mouth, although in some specimens the 
outer portion of each is elevated to the level 
of the apex, producing a concave peristome. 
Aboral-lateral portions of plates slope 
gently downward from the oral ridges to the 
ambulacra, and are pierced by the hydro- 
spire slits. Posterior deltoid divided into sub- 
deltoid and superdeltoid plates, the former 
being horseshoe-shaped and enclosing the 
anus on three sides. Adorally the anus ad- 
joins the radials. Radio-deltoid sutures in- 
distinct, straight and approximately at right 
angles to ambulacra. 

Ambulacra narrowly petaloid, their width 
in young specimens being less than one- 
third the maximum distance separating ad- 
jacent deltoid ridges, but in adults the rela- 
tive width is somewhat less (see text fig. 3). 
In most specimens the lower half of the 
ambulacra are approximately level with the 
bordering deltoid ridges but the upper por- 
tions are elevated above the deltoids, pro- 
ducing a rounded summit, outwardly convex 


L. M. CLINE AND EDWARD HEUER 


but slightly depressed around mouth. Side- 
plates and outer side-plates separated by 
three prominent longitudinal grooves into 
four distinct rows, the outer ones being 
widest; in specimens 7 to 9 mm. high there 
are 12 to 14 plates per row, the number in- 
creasing to 18 or 20 in specimens 14 to 15 
mm. high. 

Two groups of hydrospires in each regular 
interradius, none in the anal interradius; 
each group of slits occupies a triangular area 
shared about equally by the beveled inner 
margins of a radial limb and an adjacent 
deltoid. Slits parallel to ambulacra, making 
an acute angle with deltoid ridges; width of 
slits about that of intervening ridges; outer- 
most slits short, the others becoming pro- 
gressively longer toward the ambulacrum; 
the longest slit in each group about one- 
half as long as adjacent ambulacrum, 
partially concealed by it, and the adoral end 
enlarged to resemble somewhat the spiracles 
in Schizoblastus. An increase in the number 
of slits in each group corresponds to a size 
increase (see text figs. 5 and 6); small speci- 
mens 6 to 8 mm. high have from three to 
four slits; the number increases to seven or 
eight at a height of 12 to 14 mm., and there 
are nine in a specimen 17 mm. high. 

Remarks.—Shumard’s description of C. 
pyramidatus (1858, p. 238) obviously was 
based in part on material obtained on loan, 
but his illustrations (figs. 1a-e) seem to have 
been drawn mostly from a single specimen 
which is now in the Springer Collection in 
the United States National Museum (No. 
$3214). The anus is not as large as shown, 
but otherwise the illustrations are excellent. 
We hereby designate this specimen as the 
lectotype of the species. 

C. pyramidatus is distinguished from C. al- 
ternatus and C. americanus by the following 
points of difference. It has more hydrospire 
slits than C. alternatus and fewer than C. 
americanus in all growth stages (see text 
figs. 5 and 6); the length of the deltoids as 
compared with the width of the calyx is 
noticeably greater than in C. alternatus, 
with the result that the deltoids comprise a 
proportionately larger part of the upper sur- 
face (text fig. 4); the width of an ambula- 
crum as compared with the width of its 
radial sinus is greater than in C. americanus 
and less than in C. alternatus (text fig. 3); 
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the length of the basals as compared with 
the length of the radial bodies is less, and 
the deltoid ridges are broader, flatter, and 
more lanceolate than in the two other 
species. In most specimens of C. pyramida- 
tus the interradial sutures lie in a depressed 
zone, which is so deeply impressed in some 
as to give a stellate outline to a transverse 
section; the radio-deltoid suture is barely 
discernible, but is easily distinguished in C. 
alternatus ; the ornamentation on the radialia 
is prominent, whereas it is weak in C. alter- 
natus; finally, because the upper ends of the 
ambulacra are raised above the bordering 
deltoid ridges, the summit is more rounded 
than in C. alternatus or in C. americanus. 

C. pyramidatus and C. robustus appear to 
be gradational species, and an examination 
of text figures 2 to 6 reveals that they have 
many characteristics in common. In each 
case the curve that is reproduced represents 
C. pyramidatus, but the corresponding curve 
for C. robustus is quite similar. C. robustus is 
distinguished by having a more infiated, 
globular basalia, and a more inflated radi- 
alia, which results in a circular-pentagona! 
transverse section as compared with the 
more decagonal section of C. pyramidalis. 
The radialia in C. pyramidatus typically ex- 
pands upward at a more rapid rate than the 
basalia, producing a somewhat concave area 
in the vicinity of the basi-radial sutures, 
whereas in C. robustus the angle of diver- 
gence is the same in the radialia and basalia, 
or perhaps a little less in the radialia. The 
overall effect of these differences is to pro- 
duce a more inflated, more robust calyx in 
C. robustus. The ornamentation of this 
species is also more prominent than that of 
C. pyramidatus. 

James Hall (1862, p. 152, pl. 1, figs. 12, 13) 
illustrated as C. pyramidatus a specimen 
from the ‘“‘upper Helderberg’’ [= Onondaga] 
from near Caledonia. New York, and in- 
dicated that it had two basi-radial sutures. 
He evidently was influenced by Lyon 
(1857, pp. 468, 469) who believed that some 
blastoids have two sets of radials. Hambach 
(1880, pp. 146, 147) denied the existence of 
an extra circlet of radials as did Etheridge 
and Carpenter (1886, p. 20). We have re- 
cently examined Hall’s figured specimen 
(No. 2975 AMNH) and can now understand 
why Hall was misled; the specimen is an in- 


ternal mold, weathered in such a manner 
that one can easily imagine an extra set of 
sutures. Although the specimen is poorly 
preserved, we have no reason to doubt that 
it represents C. pyramidatus. 

In 1902 Rowley referred to C. pyramidatus 
three blastoids that came from Middle 
Devonian (probably the Columbus lime- 
stone) strata near Columbus, Ohio. Our 
examination of these specimens, now in the 
American Museum of Natural History, 
shows that two (Nos. 23793 and 23794 
AMNHB) which were illustrated as figures 18, 
19, 22, 23 of plate 30 are typical representa- 
tives of the species, but the other (No. 23795 
AMNH) represented by figures 24 and 25 on 
the same plate has an exceptionally stellate 
transverse section and the calyx expands 
rapidly above the basi-radial suture (see 
figs. 18-20, pl. 1). 

Another specimen in the American Mu- 
seum of Natural History (No. 23796) that 
was figured and described by Rowley (1902, 
pl. 30, figs. 20, 21) as C. attenuatus we are 
referring to C. pyramidatus on the basis of 
the following characteristics: the basals are 
shorter than the radial bodies; there are 
seven hydrospire slits, one more than in 
similar sized specimens of C. alternatus; the 
interradial sutures are in depressed areas; 
the radials are barely visible in an oral view; 
ornamentation is strongly developed; and 
the deltoid ridges are broad and lanceolate 
rather than narrow. This specimen is from 
the Onondaga at the Falls of the Ohio. 
Another specimen (AMNH No. 23885) 
identified by Rowley (1903) as C. attenuatus 
and illustrated as figures 50 and 51 of his 
plate 36, is just as clearly C. pyramidatus. 
This specimen is from the Onondaga at 
Columbus, Ohio. 

Occurrence.—Codaster pyramidatus seems 
to be confined to rocks of Onandaga age, 
Shumard’s original publication reports the 
species as occurring in the ‘‘Devonian”’ at 
the Falls of the Ohio and on Beargrass Creek 
at Louisville, Kentucky, and from Colum- 
bus, Ohio. One of his types, now in the 
United States National Museum, was 
labeled as Onondagan, perhaps by Shumard 
or Springer. Butts (1915, p. 110) listed this 
species from the Jeffersonville limestone 
(Onondagan) of Kentucky, but did not in- 
clude it in the fauna of the overlying rocks 
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of Hamilton age. It was reported by Stauf- 
fer (1909, p. 32) to be a common fossil in 
zone H at the top of the Columbus lime- 
stone (Onondagan) of Ohio. In collections in 
the American Museum of Natural History, 
United States National Museum, Walker 
Museum, and Ohio State University, we 
have seen numerous examples of this species 
labeled as being from the Columbus lime- 
stone from near Columbus, Ohio. Stauffer 
(1915, pp. 81, 127) has reported the species 
from the Onondaga of southwestern Ontario: 
and Clarke and Luther (1904, p. 43) listed 
it from the Onondaga of New York. Hall 
(1862, p. 152, pl. 1, figs. 12, 13) reported it 
from the upper Helderberg near Caledonia, 
New York, but Dr. Rousseau H. Flower has 
written us that these strata are now re- 
garded as Onondaga. 

Types.—Lectotypes, USNM No. S3214. 
Figured hypotypes, USNM Nos. S4590. 
$4534, S4592, $4603, AMNH Nos. 23793- 
23796; OSM Nos. 19852-19854; WM _ Nos. 
19067a, 19067c. 


CODASTER ROBUSTUS Rowley 
Plate 28, figures 1-13, 20, 21 
Codaster alternatus Lyon, 1857, Kentucky Geol. 

Survey, vol. 3, pl. 5, fig. 3b (but not 3 and 3a). 
Codaster attenuatus var. robustus ROWLEY, 1902, 

in: Greene, Contributions to Indiana palaeon- 

tology, vol. 1, pt. 10, p. 94, pl. 30, figs. 12, 13, 

16, 17. 

Description.—This species is so similar to 
Codaster pyramidatus, described above, that 
rather than give a detailed description, only 
essential differences from C. pyramidatus 
will be emphasized. 

Dimensions approximate those of C. 
pyramidatus except that our collection does 
not contain small representatives of C. 
robustus. 

Calyx more inflated than in C. pyra- 
midatus and therefore tending to be more 
obconical than obpyramidal. Transverse 
section triangular at base becoming pen- 
tagonal-circular at periphery which coin- 
cides with lower ends of ambulacra. Basalia 
inflated, the sides diverging more rapidly 
than the sides of the radialia, thus producing 
a convex area in the vicinity of the basi- 
radial sutures in contrast to the concave 
zone in many specimens of C. pyramidatus. 
Interradial areas convex outward, each 
ornamented with a prominent diamond- 
shaped area on which there are rather coarse 
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longitudinal (vertical) lirae; interradial 
sutures level with plates or slightly de. 
pressed but they typically are not as deeply 
impressed as in C. pyramidatus. A low, 
rounded, narrowly triangular raised outline 
extends along the midportion of each radial 
limb, wedges out upward at the sinus, and is 
ornamented with fine transverse _lirae; 
these ridges and the diamond-shaped inter- 
radial area are more prominent than in ¢ 
pyramidatus. 

Remarks.—Rowley (1902, p. 94, pl. 30, 
figs. 12, 13, 16, 17) originally described this 
species as Codaster attenuatus var. robustus, 
following Bather’s (1899, p. 3) suggestion 
that Lyon (1857, pp. 493-495) had intended 
his species C. alternatus to be termed C. 
attenuatus. C. robustus cannot be regarded 
as a variety of C. alternatus; in fact, the 
relationship is not ciose enough to warrant 
a comparison. C. robustus and C. pyra- 
midatus appear to be gradational species, 
but we prefer to regard C. robustus as a 
distinct species rather than as a variety of 
C. pyramidatus. The inflated, more robust 
calyx of C. robustus, the more nearly circular 
transverse section, stronger ornamentation, 
and the convex lateral profile (in contrast 
to the slightly concave lateral profile of C. 
pyramidatus) serve to characterize this 
species. 

Occurrence.—According to  Rowley’s 
handwritten label, the holotype came from 
strata of Hamilton age in the old Clark 
County Cement Quarry, Clark County, 
Indiana. In a letter dated March 12, 1948, 
Mr. Guy Campbell of Corydon, Indiana 
has informed us that the quarry to which 
Rowley referred is probably the same as 
Siebenthal’s (1901, pp. 383, 384) Clark 
County Mill Quarry at Sellersburg, Indi- 
ana. Siebenthal described 14 feet of ‘“‘cement 
rock"’ below the New Albany black shale. 
According to Mr. Campbell the lower 10 
feet of the “cement rock” is Silver Creek 
and the overlying four feet is Beechwood, 
both members of the Sellersburg formation 
(Hamilton). The blastoid probably came 
from the Beechwood because the Silver 
Creek is not known to have produced any 
blastoids; whereas the Beechwood is highly 
crinoidal. Rowley (1902, pl. 30, figs. 16, 17) 
figured another specimen that he doubtfully 
referred to C. robustus and we have com- 
pared this specimen with Rowley’s holotype 
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and found them to be conspecific. According 
to Rowley’s label, this specimen was col- 
lected from a cut along a streetcar line be- 
tween Baxter Avenue and Clifton Street in 
Louisville, Kentucky. The label indicates 
that it came from Hamilton strata and our 
opinion is that it is probably from the Beech- 
wood member of the Sellersburg. Thus it 
seems that both of Rowley’s specimens came 
from strata of Hamilton age. In the Univer- 
sity of Iowa collection, cataloged under the 
number 3-268 and labeled ‘‘Codaster attenu- 
atus,” there are two specimens belonging to 
to this species that Springer collected from 
the Hamilton of Clark County, Indiana. In 
the Springer Collection in the United States 
National Museum there are numerous rep- 
resentatives of this species cataloged under 
the number $3202 and labeled as coming 
from the ‘‘upper Helderberg”’ at the Falls of 
the Ohio, Louisville, Kentucky. Because 
the early collections frequently included 
both Onondaga and Hamilton species, and 
because the only accurately located repre- 
sentatives of C. robustus came from the 
Beechwood, we are inclined to the view that 
the species is restricted to strata of Hamilton 
age. 

Types.—Rowley’s holotype is No. 23790 
in the American Museum of Natural His- 
tory, and the specimen that he questionably 
referred to this species and illustrated in fig- 
ures 16 and 17 of his plate 30 is No. 23791 in 
the American Museum. Figured hypotypes, 
USNM Nos. $4573, S4574, S4584-S4586, 
$4602. 


CODASTER AMERICANUS Shumard 
Plate 28, figures 17, 18, 22-25 
Codaster americanus SHUMARD, 1858, St. Louis 

Acad. Sci. Trans., vol. 1, no. 2, pp. 239, 247; 

——, 1866, St. Louis Acad. Sci. Trans., vol. 

2, p. 339. 

Description.—Calyx subglobose in very 
young specimens, becoming obconical at 
adolescence and obpyramidal at maturity. 
Height-to-width ratio 1.5:1 in young forms; 
ratio unknown in largest forms because of 
incomplete preservation. In lateral profile 
the base is strongly convex outward, the 
rate of expansion decreasing rapidly upward 
to the basi-radial sutures, and then decreas- 
ing more gradually through the radialia to 
the periphery, which coincides with the 
lower ends of the ambulacra. Section tri- 





angular in lower part of basalia, becoming 
subcircular near basi-radial sutures, and 
strongly pentagonal, with very straight 
sides, in upper portion of radialia. 

Text figure 1 shows the size grade distri- 
bution of twelve of the fourteen representa- 
tives of C. americanus in the collection we 
are studying. The shape of the graph indi- 
cates that most of the specimens represent 
youthful forms, and emphasizes the need 
for additional collecting. Plate proportions 
and certain other measurements are shown 
diagrammatically in text figures 2 to 6. 
Unfortunately the base is not preserved in 
the two largest specimens. 

Basalia strongly inflated, obpyramidal to 
obconical, slightly constricted near apex; 
wider than long in young individuals, un- 
known in the largest specimens; height less 
than one-half that of calyx, this ratio 
averaging 0.44:1 in small but well pre- 
served specimens. Sides expand upward at a 
slightly decreasing rate. Section roundly 
triangular below, becoming circular-pentag- 
onal above. Two basals hexagonal, about 
as high as wide, the third pentagonal and 
higher than wide. Basi-radial sutures dis- 
tinct. 

Radialia expanding gradually upward to 
lower ends of ambulacra, contracting only 
slightly above, so that the radial bodies are 
only barely visible in an oral view. Trans- 
verse section strongly pentagonal with 
very straight sides. Radials nearly twice as 
high as wide, the sides being nearly parallel; 
limbs short; bodies long, higher than wide. 
Interradial sutures prominent, flush with 
plate margins. 

Deltoids relatively large as compared to 
those of allied species, and, together with 
the ambulacra, comprise most of upper sur- 
face; length of deltoids one and one-half 
times their width. In outline the apex of 
each plate is barbed-shaped, the aboral por- 
tion V-shaped and bounded by an incon- 
spicuous radio-deltoid suture. Deltoids rest 
upon and overlap the beveled upper edges 
of the radials. Midportion of each plate 
elevated into a prominent, narrowly rounded 
longitudinal ridge whose outer portion is 
gently convex in longitudinal profile (the 
axis of the plate being nearly horizontal or 
sloping slightly away from the mouth) and 
whose inner portion (apex) is strongly up- 
turned to form a conspicuous elevation 
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above the mouth. Aboral portion of posterior 
deltoid largely occupied by the large circu- 
lar-pentagonal anus. Aboral portion of anus 
bounded by radial limbs, but adoral and 
lateral portions enclosed by subdeltoid. 
Posterior deltoid appears to be differenti- 
ated into subdeltoid and superdeltoid plates, 
although the suture is not very distinct in 
our few specimens. 

Each group of hydrospire slits occupies a 
triangular area on the beveled inner margin 
of a radial limb and the adjacent portion of a 
deltoid and is about equally divided between 
radials and deltoids. Slits nearly parallel to 
ambulacra; outermost slit very short, inner- 
most somewhat more than half as long as 
ambulacrum; slits about as wide as inter- 
vening ridges. Number of slits increasing 
with size of specimen as follows: four to five 
slits in a specimen 4.2 mm. wide, five slits in 
those measuring from 5 mm. to 5.5 mm., 
seven at a width of 6 mm., nine at 8 mm., 
and 11 in specimens reaching 11 mm. to 11.3 
mm. (see text figs. 5 and 6). 

Ambulacra linear; midportion of each 
deeply depressed below bordering oral 
ridges, lower ends about level with ridges, 
upper ends elevated somewhat above the 
mouth. Width of ambulacrum approxi- 
mately one-fourth that of sinus, the meas- 
urements being 0.6 mm. and 2.3 mm. re- 
spectively in a specimen 5 mm. wide, and 
1 mm. and 4.6 mm. in a specimen 11.5 mm. 
wide; text-figure 3 shows graphically how 
this ratio changes with increasing size. 
Side-plates and outer side-plates about 
equal in size; from seven to eight side- 
plates per row in a specimen 6 mm. high, ten 
in a specimen 7.5 mm. high, and 18 in a 
specimen 10.7 mm. high (there are 22 in the 
largest form in our collection, a broken 
specimen whose height cannot be deter- 
mined). 

Mouth small, pentagonal; inner edges of 
enclosing deltoids deflected sharply upward 
producing an elevated border that in young 
individuals rises distinctly above the ad- 
jacent ends of the ambulacra, but the rela- 
tive degree of elevation decreases in adult 
forms. Anus slightly larger than mouth, 
slightly rhombic in outline; bounded ado- 
rally and laterally by the collar-like subdel- 
toid and aborally by radials. 

Remarks.—The exact status of Codaster 


M. CLINE AND 


EDWARD HEUER 


americanus Shumard has been in doubt be. 
cause it has never been illustrated and be. 
cause Shumard himself noted that it might 
be a variety of his species C. pyramidatus, 
According to Shumard, the principal dif- 
ferences are in the much finer striae that 
ornament the plates of C. americanus, the 
absence of a depressed area bordering the 
interradial sutures, and the shorter radials, 

From Shumard’s description Etheridge 
and Carpenter (1886, p. 265) concluded that 
C. americanus is probably a variety of C. 
pyramidatus, and Bather (1899, p. 3) held 
the same opinion. C. americanus has been 
cited in the literature by Lyon and Casseday 
(1860, p. 289), Etheridge and Carpenter 
(1882, p. 235; 1886, p. 265), Bather (1899, 
p. 3), Hambach (1903, p. 48), Butts (1915, 
p. 110), and perhaps others. From these 
numerous references one might suppose 
that the status of C. americanus is well 
known. Probably, however, no person subse- 
quent to Shumard has knowingly studied a 
representative of this species, and the au- 
thority for each citation appears to be some 
previous reference, which directly or in- 
directly derives from Shumard’s original 
description, which was based on a single 
specimen whose summit was incompletely 
preserved. We have 14 specimens of the 
species, and it is on these that our revised 
description is based. 

The size range of the specimens indicates 
that size is not a criterion by which C. ameri- 
canus can be separated from C. pyramidatus, 
although Shumard refers to it as ‘“‘this little 
species.”’ The lateral profile of C. americanus 
tends to be convex outward, whereas C. 
pyramidatus tends to be somewhat concave 
in the region of the basi-radial sutures. A 
transverse section through the radialia of 
C. americanus is pentagonal with straight 
sides; in C. pyramidatus the sides are 
slightly to strongly concave, a result of the 
depressed areas bordering the interradial 
sutures. Text figure 2, in which the length 
of the basals is plotted against the length 
of the radial bodies, shows that the basals of 
C. americanus are relatively somewhat 
longer than in C. pyramidatus. One of the 
distinguishing characters of C. americanus 
is the narrowness of the ambulacra as com- 
pared to the width of the sinus; text figure 3 
shows that the ambulacra of C. americanus 
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occupy a proportionately smaller part of 
the sinus width than in allied species. Text 
figures 5 and 6 show that this species has 
proportionately more slits than similar 
sized specimens of C. pyramidatus. 

Occurrence.—All specimens known to us 
that are referable to this species seem to 
have come from the Jeffersonville formation 
of Onondaga age in the Louisville, Kentucky 
area. Shumard’s (1866, p. 359) type speci- 
men was recorded from the ‘upper Helder- 
berg” at the Falls of the Ohio, which is an 
older designation for strata now termed 
Jeffersonville and known to be of Onondaga 
age. Thirteen of the fourteen specimens 
before us bear the label Onondaga, Falls of 
the Ohio, Louisville, Kentucky and the 
other specimen came from Onondaga strata 
on Beargrass Creek in Louisville. 

Types—The whereabouts of Shumard’s 
holotype is unknown. We are designating 
as the neotype a specimen from the Onon- 
daga (Jeffersonville) at the Falls of the Ohio, 
Louisville, Kentucky (USNM No. S 4565). 
Hypotypes used in extending the knowledge 
of the species are Nos. S4566, S4567, and 
$4598 USNM. 
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GOSPORT EOCENE OSTRACODA FROM LITTLE 
STAVE CREEK, ALABAMA! 


DANIEL B. BLAKE 
Columbia University, New York 





ABSTRACT—Twenty-four species of ostracods, eleven new, and one new genus are 
described and figured. The material was collected from the Gosport sand of the 
Claiborne Eocene at Little Stave Creek, Clarke County, Alabama. Mention is 
made of the known occurrence of any of these species in the Gosport formation at 


Claiborne Bluff on the Alabama River. 





INTRODUCTION 


HE outcrop of the Gosport formation at 

Little Stave Creek,? Clarke County, 
Alabama, is about twenty feet thick, com- 
posed almost entirely of coarse green glau- 
conitic or brown ferruginous sand. Parts of 
it are very fossiliferous and the Periarchus 
lyelli and Venericardia alticostata beds are 
easily recognizable. By comparison, how- 
ever, the micro-fossils appear to be scarce, 
but this is only because of the very sandy 
nature of the formation. 

The Gosport sand contains a distinctive 
ostracod fauna. More species, however, are 
shared with the overlying Moodys Branch 
marl, of Jackson Eocene age, than with the 
the Claiborne Eocene formations of Texas 
and Louisiana. 

The author wishes to thank Dr. Henry 
V. Howe for the use of specimens from his 
personal collection, for free access to the 
entire type collection, and for valuable guid- 
ance and criticism. Thanks are also ex- 
tended to Dr. Grover E. Murray of Louisi- 
ana State University for generously sup- 
plying his Claiborne Bluff collection for my 
use in this report. Louis L. McCormick 
kindly assisted in collecting samples from 
the Little Stave Creek locality. 


1 Based on a thesis submitted to the Graduate 
Faculty of Louisiana State University in partial 
fulfillment of requirements of the Master of Sci- 
ence degree. 

? For a detailed section at Little Stave Creek, 
see Smith, R. H. in the Southeastern Geological 
Society Field Trip Guide Book, June, 1944. With 
some changes, this section appears in Bandy, O. 
L., 1949, Bull. Am. Paleontology, vol. 32, no 
131, map opposite p. 6, columnar section opposite 


p. 8. 


The type specimens from which the de- 
scriptions and figures were made have been 
deposited in the Henry V. Howe collection, 
Louisiana State University, Baton Rouge, 
Louisiana. 

Dimensions of figured specimen.—Length, 
0.68 mm.; height, 0.38 mm.; width, 0.23 mm. 


SYSTEMATIC DESCRIPTIONS 


Order OstracopDa Latreille, 1801 
Suborder PLAtycopa Sars, 1865 
Family CYTHERELLIDAE Sars, 1865 
Genus CYTHERELLA Jones, 1849 
CYTHERELLA sp. 

Plate 29, figures 19, 27 


Cytherellas occur rather commonly in the 
Gosport sand at Little Stave Creek and at 
Claiborne Bluff, Alabama. They may be 
separated into two groups according to 
shape, one ovate in outline, the other sub- 
quadrate. Because of the great similarity of 
the Cytherellas of different Tertiary locali- 
ties it seems inadvisable to assign specific 
designation to the Gosport specimens. 


Suborder Popocopa Sars, 1866 
Family BAtRDIIDAE Sars, 1887 
Genus Barrpia M'Coy, 1844 
BAIRDIA GOSPORTENSIS Blake, n. sp. 
Plate 29, figures 5, 6 


Description.—Carapace moderately high 
in side view, subrhomboidal, highest just an- 
terior to the middle. Left valve larger than 
right with apparent overlap on ventral mar- 
gin. Dorsal margin broadly arched, anterior 
part nearly straight; gently angled at ends 
of hinge; posterior part tapers in a smooth 
curve, slightly convex, to a_ narrowly 
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rounded postero-ventral end. Posterior of 
right valve slightly concave above end. 
Anterior end broadly and obliquely rounded 
below dorsal slope, bearing several short 
blunt spines. Ventral margin slightly convex 
in left valve, somewhat concave in right 
valve, smooth, except for postero-ventral 
margin which is spinose. Shell wall smooth, 
covered with uniformly fine, closely spaced 
pits. Just below center of carapace a circular 
cluster of about eight dark muscle scars is 
visible through the shell wall. Viewed from 
the inside, valves are moderately deep. 
Hinge of left valve bears a narrow low bar, 
separated from dorsal margin by an incised 
line. Hinge of right valve carries a narrow 
groove near dorsal margin. 

Dimensions of figured specimens.—Length 
(right valve), 0.70 mm.; height, 0.35 mm. 
Length (left valve), 0.68 mm.; height, 0.38 


mm. 


Genus BAIRDOPPILATA Coryell, Sample 
and Jennings, 1935 
BAIRDOPPILATA sp. 

Plate 29, figures 1, 2 


A species of Bairdoppilata occurs in the 
Gosport sand at Little Stave Creek and at 
Claiborne Bluff, Alabama, but because only 
a few valves were found, it seems inadvisa- 
ble to attempt to describe this form, es- 
pecially because there is great resemblance 
between many of the species of this genus in 
various formations. The Gosport species is 
figured as a matter of record. 

Dimensions of figured specimen.—Length, 
0.75 mm.; height, 0.48 mm. 


Family CyTHERIDAE Baird, 1850 
Subfamily CYTHERIDEINAE Sars, 1925 
Genus CLITHROCYTHERIDEA Stephenson, 
1936 
CLITHROCYTHERIDEA GRIGSBYI (Howe 
and Chambers) 

Plate 29, figures 13-15 
Cytheridea grigsbyi HowE and CHAMBERS, 1936, 

Louisiana Dept. Cons. Geol. Bull. 5, p. 15, 
’ " figs. 2, 3; pl. 2, figs. 8, 10, 17, 18; pl. 6, 
Cytheridea (Clithocytheridea) [sic] ?grigsbyi VAN 
DEN BoLp, 1946, p. 80, pl. 7, fig. 15. 
Description.—The surface of the carapace 
appears smooth, but actually is covered with 
fine pits, so aligned on the ventral margin as 


to produce a distinct ribbing, a feature 
which is also common on many specimens 
from Jackson Eocene localities. 

This species is very common in the Gos- 
port sand at Little Stave Creek and at 
Claiborne Bluff, Alabama. 

Dimensions of figured specimens.—Length 
(right valve), 0.73 mm.; height, 0.38 mm. 
Length (female left valve), 0.77 mm.; 
height, 0.45 mm. 


CLITHROCYTHERIDEA GARRETTI (Howe 
and Chambers) 
Plate 29, figures 9-11 
Cytheridea? garretti HowE and CHAMBERS, 1935, 


Louisiana Dept. Cons. Geol. Bull. 5, p. 14, 
pl. 1, figs. 4, 5; pl. 2, figs. 11, 12; pl. 6, figs. 10, 
11 


Cytheridea (Clithrocytheridea) garretti STEPHEN- 
sONn, 1936, Jour. Paleontology, vol. 10, p. 702, 
pl. 94, figs. 5, 6, 10, text figs. 1-1, 0, p. 

Cytheridea (Clithrocytheridea) garretti, STEPHEN- 
SON, 1942, idem, vol. 16, p. 110, pl. 18, fig. 1. 

Clithrocytheridea garretti STEPHENSON, 1944, 
idem, vol. 18, p. 449, pl. 76, fig. 1; ——, 1946, 
idem, vol. 20, p. 327, pl. 42, fig. 18. 

This species is very common in the Gos- 
port sand at Little Stave Creek and Clai- 
borne Bluff, Alabama. The occurrence of 
short spines on the ventral margins of some 
specimens is not considered a sufficiently 
constant characteristic to justify separation 
on that basis. 

Dimensions of figured specimens.—Length 
(right valve), 0.72 mm.; height, 0.33 mm. 
Length (male right valve), 0.61 mm.; 
height, 0.31 mm. Length (left valve), 0.71 
mm.; height, 0.35 mm. 


CLITHROCYTHERIDEA CALDWELLENSIS 
(Howe and Chambers) 
Plate 29, figure 12 

Cytheridea? caldwellensis HOWE and CHAMBERS, 
1935, Louisiana Dept. Cons. Geol. Bull. 5, 
p. 11, pi. 1, fig. 7; pl. 2, figs. 4-6. 

Cytheridea (Clithrocytheridea) caldwellensis StE- 
PHENSON, 1937, Jour. Paleontology, vol. 11, 
p. 154, pl. 26, fig. 13. 

Clithrocytheridea caldwellensis STEPHENSON, 1946, 
idem, vol. 20, p. 327, pl. 42, fig. 13. 


This species occurs sparingly at Little 
Stave Creek and Claiborne Bluff, Alabama. 
C. gosportensis Stephenson 1942 is a similar 
form, but has a much more acute postero- 
ventral angle. 

Dimensions of figured specimen.—Length, 
0.58 mm.; height, 0.29 mm. 
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Genus HAPLOCYTHERIDEA Stephenson, 
1936 
HAPLOCYTHERIDEA MONTGOMERYENSIS 
(Howe and Chambers) 

Plate 29, figure 16 


Cytheridea montgomeryensis HowE and CHAM- 
BERS, 1935, Louisiana Dept. Cons. Geol. Bull. 
5, p. 17, pl. 1, fig. 1; pl. 2, figs. 1-3, 7, 9; pl. 6, 
figs. 17, 18. 

Cytheridea (Haplocytheridea) montgomeryensis 
STEPHENSON, 1936, Jour. Paleontology, vol. 
10, p. 700, pl. 94, figs. 3, 4, 9; text figs. 1-g, 
1-h, 1-j, 1-k; , 1937, idem, vol. 11, p. 153; 
—_ idem, vol. 16, p. 109, pl. 18, figs. 
fd, 3s. 

Cytheridea montgomeryensis, BERGQUIST, 1942, 
Mississippi Geol. Surv. Bull. 49, p. 106, pl. 
11, fig. 5. 

Haplocytheridea montgomeryensis STEPHENSON, 
1946, Jour. Paleontology, vol. 20, p. 322, pl. 
42, fig. 29. 


This is a common Gosport species at 
Little Stave Creek and Claiborne Bluff, 
Alabama. 

Dimensions of figured specimen.—Length, 
0.70 mm.; height, 0.45 mm. 





HAPLOCYTHERIDEA GOOCHI Stephenson 
Plate 29, figures 17, 18 
Cytheridea (Haplocytheridea) goocht STEPHENSON, 
1942, Jour. Paleontology, vol. 16, p. 106, pl. 
18, figs. 9, 10. 
This a common Gosport species at Little 
Stave Creek and at Claiborne Bluff, Ala- 
bama. 
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Dimensions of figured specimens.—Length 
(right valve), 0.56 mm.; height, 0.32 mm. 
Length (left valve), 0.55 mm.; he-ght, 0.32 
mm. 


Genus PARACYTHERIDEA G. W. Miller, 
1894 
PARACYTHERIDEA BELHAVENENSIS Howe 

and Chambers 
Plate 29, figures 3, 4 

Paracytheridea belhavenensis HOWE and CnHay- 
BERS, 1935, Louisiana Dept. Cons. Geol. Bull, 
5, p. 18, pl. 5, fig. 9. 

Paracytheridea palmerae STEPHENSON, 1946 (not 
VAN DEN Bo Lp, 1946), Jour. Paleontology, vol, 
20, p. 319, pl. 42, fig. 14; pl. 44, fig. 19. 

Paracytheridea bastropensis STEPHENSON, 1947, 
Jour. Paleontology, vol. 21, p. 579. 


A comparison of the holotype of P. 
bastropensis Stephenson, formerly P. pal- 
merae Stephenson (not Van den Bold, 1946) 
with the cotypes of P. belhavenensis Howe 
and Chambers reveals that separation is not 
practicable by means of the criteria sug- 
gested by Stephenson. The two are appar- 
ently identical. 

P. belhavenensis occurs in the Gosport 
sand at Little Stave Creek and Claiborne 
Bluff, Alabama, but appears much more 
commonly at Claiborne Bluff. 

Dimensions of figured specimens.—Length 
(right valve), 0.53 mm.; height, 0.27 mm. 
Length (left valve ), 0.56 mm.; height, 0.28 
mm. 





EXPLANATION OF PLATE 29 


All figures X43. 


Fics. /, 2—Bairdoppilata sp. Left valve. 1, side view; 2, interior view. (p. 


175 


3, 4—Paracytheridea belhavenensis Howe and Chambers. 3, Right valve; 4, left valve. (p. 176 


5, 6—Bairdia gosportensis Blake, n. sp. 5, Right valve; 6, left valve. 
7—Monoceratina alexandert Howe and Chambers. Left valve. 


8—Xestoleberis sp. Left valve. 


(p. 183 


) 
) 
(p. 178 
(p. 183) 


9-11—Clithrocytheridea garretti (Howe and Chambers). 9, Right valve; 10, left valve; 1/, right 


valve. 


12—Clithrocytheridea caldwellensis (Howe and Chambers). Right valve. 


_ 175) 
% 175) 


13-15—Clithrocytheridea grigsbyi (Howe and Chambers). 13, Right valve; 14, left valve, female, 


side view; /5, interior view. 


16—Haplccytheridea montgomeryensis (Howe and Chambers). Left valve. 
17, 18—Haplocytheridea goochi Stephenson. 17, Right valve; 18, left valve. 
19, 27—Cytherella sp., complete specimen. 19, Left side view; 27, dorsal view. 


(p. 175) 
(p. 176) 
(p. 176) 
(p. 174) 


20, 21—Cythereis? longicostata Blake, n. sp. 20, Dorsal view of complete specimen; 2/, side view 


of left valve. 


(p. 178) 


22, 23—Cytherideis alta Blake, n. sp. Young molt. 22, Right valve, interior view; 23, right valve, 


side view. 


(p. 180) 


24, 25—Cytherideis gosportensis Blake, n. sp. Left valve. 24, interior view; 25, side view. (p. 179) 


26—Cytherideis perforata Blake, n. sp. Right valve. 


(p. 179) 
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Subfamily CYTHERINAE Dana, 1852 
Genus BRACHYCYTHERE Alexander, 1933 
BRACHYCYTHERE MARTINI Murray and 
Hussey 

Plate 30, figures 28, 29 
Brachycythere martint Murray and Hussey, 

1942, Jour. Paleontology, vol. 16, p. 177, pl. 

28, figs. 6, 10, text fig. 2: 4, 8-10. 

This species is rather common in the 
Gosport sand at Little Stave Creek and 
Claiborne Bluff, Alabama. 

B. martini Murray and Hussey and B. 
watervalleyensis (Howe and Chambers) are 
similar species, but may be distinguished 
as follows: B. martini has shallow surface 
reticulations, a relatively weak, curved ala, 
which ends in a small, knob-like spine well 
in front of the posterior end; B. water- 
salleyensis has a nearly smooth surface, a 
relatively strong ala which is gently arched 
and which ends near the posterior end in a 
prominent swept-back spine. 

Dimensions of figured specimens.—Length 
(left valve), 0.99 mm.; height, 0.52 mm. 
Length (complete specimen), 1.03 mm.; 
width, 0.62 mm. 


Genus CYTHERETTA Miiller, 1894 
CYTHERETTA ALEXANDERI Howe and 
Chambers 
Plate 30, figures 1-3 


Cytheretta alexanderi HOWE and CHAMBERS, 


1935, Louisiana Dept. Cons. Geol. Bull. 5, 
p. 45, pl. 5, figs. 17-21; pl. 6, figs. 27, 28. 
Cytheretta alexanderi, BERGQUIST, 1942, Missis- 
- Geol. Survey Bull. 49, p. 109, pl. 11, fig. 


This species shows strong sexual dimor- 
phism. The female carapace bears a series of 
beveled longitudinal ribs, converging poste- 
riorly, between which are pitted furrows. 
The male carapace is more elongate, with a 
much coarser and more variable surface 
sculpture. The original description of C. 
alexandert Howe and Chambers made no 
mention of crenulations on the hinge line; 
however, a number of specimens of the 
Henry V. Howe collection from Jackson 
Eocene localities were examined and found 
to bear crenulate hinges. Well preserved 
specimens from the Gosport sand also show 
this structure. The reproductions of the 
original figures of this species were not dark 
enough to show properly the pits which lie 
within the longitudinal furrows. The species 
is very common in the Gosport formation at 
Little Stave Creek and Claiborne Bluff, 
Alabama. 

Dimensions of figured specimens.—Length 
(male right valve), 1.00 mm.; height, 0.49 
mm. Length (female left valve), 0.78 mm.; 
height, 0.47 mm. Length (male right valve 
interior view), 0.78 mm.; height, 0.39 mm. 





EXPLANATION OF PLATE 30 


All figures X43. 


Fics. 1, 2, 3—Cytheretta alexanderi Howe and Chambers. J, Male right valve; 2, female left valve; 


3, male right valve, interior. 


(p. 177) 


4¢-9—Triginglymus hyperochus Blake, n. gen., n. sp. Male left valve: 4, side view; 5, interior 
view; 8, dorsal view. 6, Female right valve; 7, female right valve, interior view; 9, dorsal 


view. 


(p. 181) 


10-12—Loxoconcha stavensis Blake, n. sp. Right valve: 10, side view; //, interior view. 12, Dorsal 


view of complete specimen. 


(p. 182) 


13, 14—Cytheropteron variosum Martin. 13, Complete specimen, dorsal view; /4, right valve, 


side view. 


15, 16—Loxoconcha clarkensis Blake, n. sp. 15, Right valve; 16, left valve. 


(p. 182) 
(p. 183) 


17, 18—Cytherura semireticulata Blake, n. sp. Right valve: 17, side view; 18, interior view. 


(p. 182) 
(p. 182) 


19—Cytherura ultra Blake, n. sp. Left valve. 
20-22—Trachyleberis washburni (Stephenson). 20, Young molt, left valve. Adult right valve: 2/, 
side view; 22, interior view. (p. 180) 
23-26—Cythereis? gosportensis Blake, n. sp. 23, Dorsal view, complete specimen. Right valve: 
24, side view; 25, interior view. 26, left valve. (p. 178) 
27—Trachyleberis davidwhitei (Stadnichenko), right valve. (p. 180) 
28, 29—Brachycythere martini Murray and Hussey. 28, left valve; 29, dorsal view, complete 
specimen. (p. 177) 


30-32—Cythereis? collet Gooch. 30, Right valve; 3/, left valve; 32, dorsal view, complete speci- 
men. (p. 178) 
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Genus CYTHEREIS Jones, 1849 
CYTHEREIS? COLLEI Gooch 
Plate 30, figures 30-32 
Cythereis collet Goocu, 1939, Jour. Paleontology, 

vol. 13, p. 585, pl. 67, fig. 19. 

Description.—Carapace coarsely reticu- 
late. A prominent swelling lies just in front 
of the center of the carapace, with three 
narrow ridges extending anteriorly, the 
uppermost trending in an arc toward the 
eyespot. A strong ridge begins within the 
antero-ventral angle and extends back 
parallel to the ventral margin to a point one- 
third the shell length from the posterior 
end where it rises to a point, turns abruptly 
and continues obliquely toward the dorsal 
margin; there it again turns abruptly and 
trends anteriorly, arching downward to an 
end point behind and below the eyespot. 

This is a very common species in the 
Gosport sand at Little Stave Creek and 
Claiborne Bluff, Alabama. 

Dimensions of figured specimens.—Length 
(right valve), 0.57 mm.; height, 0.31 mm. 
Length (left valve), 0.56 mm.; height, 0.29 
mm. Length (complete specimen), 0.57 
mm.; width, 0.28 mm. 


CYTHEREIS? GOSPORTENSIS Blake, n. sp. 
Plate 30, figures 23-26 


Description.—Carapace in side view elon- 
gate, subquadrate. Dorsal margin straight, 
subparallel to the slightly convex ventral 
margin. Anterior end broadly rounded, pro- 
duced beyond the dorsal and ventral mar- 
gins. Posterior end angular with dorsal 
and ventral margins joining to form a blunt 
point at middle. Short, thick, blunt spines 
line the antero- and postero-ventral margins 
and several very short blunt spines appear 
on the ventral margin. The anterior end of 
carapace bears a broad, thick marginal 
rim, behind which is a depressed zone. A 
small eyespot is barely visible near the dor- 
sal end of the anterior marginal rim. The 
posterior and postero-ventral areas are 
compressed. A narrow, prominent ridge 
begins below the eyespot and trends poste- 
riorly, meeting the dorsal margin in the 
middle, and continues along the dorsal 
margin to the posterior cardinal angle where 
it turns ninety degrees ventrally and ends 
as it reaches the mid-line. A heavier and 
more nodular ridge lies slightly above the 
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middle, and a fused line of heavy nodes lies 
just above the ventral margin. A cluster of 
smaller nodes appears on the antero-ventral 
part of the carapace within the marginal 
rim. Viewed from the inside the valves are 
moderately shallow. The marginal area js 
broad with the line of concrescence and the 
inner margin coinciding. The hinge of the 
right valve consists of a large, oval anterior 
tooth and a deep postjacent socket, fol- 
lowed by an elongate, straight, narrow 
groove, which ends at the posterior cardinal 
angle. A large, knob-like tooth occupies the 
posterior end of the hinge line. The hinge 
of the left valve consists of a large anterior 
socket followed by a large, blunt, arched 
tooth, which is attached to the dorsal margin. 
A straight, narrow, faintly notched bar con- 
tinues to the posterior cardinal angle which 
is set with a large, ovate socket. There is a 
prominent muscle scar depression in front 
of the center of the carapace. The muscle 
pattern consists of a vertical row of four 
scars, in front of which is another large U- 
shaped scar. 

Dimensions of figured specimens.—Length 
(right valve), 0.72 mm.; height, 0.33 mm. 
Length (left valve), 0.70 mm.; height, 0.37 
mm. Width (complete specimen), 0.30 mm. 

Remarks.—This species is similar to C. 
reklawensis Stephenson 1944, but differs in 
that the posterior end of C. reklawensis 
comes to a point well above the middle. 
In addition, the ventral ridge of C. reklawen- 
sts is much less nodular. This species is 
very common at Little Stave Creek and at 
Claiborne Bluff, Alabama. 


CYTHEREIS? LONGICOSTATA Blake, n. sp. 
Plate 29, figures 20, 21 


Description.—Carapace elongate, highest 
through anterior cardinal angle, broadest 
posterior to middle, in side view elongate- 
ovate. Dorsal margin nearly straight, but 
slightly concave at middle; ventral margin 
almost straight, with dorsal margin converg- 
ing slightly toward posterior end. Anterior 
end rather long, broadly and evenly rounded; 
posterior end obliquely subangular, sub- 
truncate above and below, and bearing a 
few small nodes on ventral part. Postero- 
ventral margin compressed. A_ beveled 
marginal rim parallels the edge of the an- 
terior and posterior ends. A narrower rim 
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is set behind the anterior marginal rim and 
terminates dorsally at the anterior cardinal 
angle. From the anterior curve of this second 
rim a number of rather sinuate longitudinal 
ribs extend toward the posterior end. Coarse 
reticulations obscure the ribs at both ends. 
The furrows between the ribs bear a line of 
coarse, shallow pits. Viewed from the inside 
the valves are moderately shallow. Marginal 
area is fairly broad and the line of concres- 
cence and the inner margin coincide. Radial 
pore canals are numerous. Hinge of the left 
valve consists of a large, deep, anterior 
socket, followed by a doubly-curved, smooth 
blunt tooth. This tooth tapers posteriorly to 
a long narrow bar which ends at the poste- 
rior cardinal angle and is separated from the 
dorsal margin by an incised line. The poste- 
rior cardinal angle is occupied by an ovate 
socket over which the dorsal margin curves. 

Dimensions of figured specimens.—Length 
(left valve), 0.67 mm.; height, 0.40 mm. 
Length (complete specimen), 0.68 mm.; 
width, 0.24 mm. 

Remarks.—This species is moderately 
scarce in the Gosport sand at Little Stave 
Creek and Claiborne Bluff, Alabama. 


Genus CYTHERIDEIS Jones, 1856 
CYTHERIDEIS GOSPORTENSIS Blake, n. sp. 
Plate 29, figures 24, 25 


Description.—Carapace elongate, highest 
and broadest posterior to middle, elongate- 
ovate in side view. Left valve overlaps right 
along anterior dorsal margin, and slightly 
along postero-ventral margin. Dorsal mar- 
gin broadly arched; ventral margin gently 
concave. Anterior end somewhat narrowly 
rounded and faintly denticulate. Posterior 
end bluntly and rather obliquely rounded, 
meeting dorsal margin at a slight angle. 
Shell wall smooth. Normal pore canals 
moderately few and widely spaced, marking 
the surface with shallow pits. Anterior one- 
third of carapace may bear a series of low 
undulations parallel to margins, apparently 
caused by alignment of normal pore canals. 
Viewed from the inside, valves are moder- 
ately shallow. A broad marginal area ex- 
tends around the anterior end, with the line 
of concrescence lying slightly within the 
inner margin. The postero-ventral edge of 
right valve bears a depressed seat which 
receives the postero-ventral edge of left 


valve. Muscle scar pattern obscure, but 
appears to be a vertical row of four behind 
a larger U-shaped spot, with additional 
spots scattered above and below. Hinge 
line narrow, composed of two nearly straight 
segments which meet at a broad angle 
posterior to the middle. Hinge of right valve 
bears a narrow groove; hinge of left valve 
carries a narrow bar which tapers into the 
marginal rim of posterior end. An incised 
line separates the hinge bar from the dorsal 
margin. 

Dimensions of figured specimen.—Length, 
0.72 mm.; height, 0.23 mm. 

Remarks.—This species resembles Cytheri- 
deis mcguirti (Howe and Garrett) from the 
Sabine (Wilcox) Eocene of Louisiana, but 
differs in shape by having a broader anterior 
end with coarser denticulations. 


CYTHERIDEIS PERFORATA Blake, n. sp. 
Plate 29, figure 26 


Description.—Carapace elongate, highest 
just anterior to middle; in side view elon- 
gate-ovate. Left valve overlaps right along 
antero-dorsal and posterior margins. Dorsal 
margin broadly arched; ventral margin 
gently concave. Anterior end rounded, 
slightly denticulate; posterior end bluntly 
rounded, more broadly rounded in left 
valve. Surface covered with moderately 
coarse, shallow, ovate pits, aligned approxi- 
mately parallel to edge near antero-ventral 
margin. Viewed from inside, the valves are 
fairly shallow, with a broad marginal area 
around the anterior end and a narrow one 
around the ventral and posterior margins. 
Line of concrescence lies within the inner 
margin at the end, with a small vestibule 
visible below the inner part of the marginal 
area. Dorsal contact margin narrow, with 
an elongate groove in hinge of right valve. 
Hinge of left valve has a long, narrow bar 
which is separated from the dorsal margin 
by a finely incised line. 

Dimensions of figured specimen.—Length, 
0.60 mm.; height, 0.20 mm. 

Remarks.—This species resembles Cytheri- 
deis mayeri (Howe and Garrett) from the 
Sabine (Wilcox) Eocene of Louisiana, but 
distinctly differs from that species by having 
no “‘trench”’ or sulcus carved obliquely from 
the dorsal margin. In addition, C. perforata 
does not appear to be as strongly pitted. 
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CYTHERIDEIS ALTA Blake, n. sp. 
Plate 29, figures 22, 23 


Description.—Carapace in side view elon- 
gate-ovate; greatest length just above 
ventral margin. Dorsal margin broadly 
arched; ventral margin gently concave. 
Anterior end rather broad, obliquely 
rounded, and faintly denticulate. Posterior 
margin meets dorsal margin in a smooth 
curve and tapers toward ventral margin 
which it meets at a well-rounded angle. Shell 
wall smooth except for a few small, widely- 
spaced shallow pits. Viewed from inside, 
valves are moderately shallow. Marginal 
area is fairly broad around the anterior end 
and the line of concrescence lies near the 
inner margin. The muscle scars consist of a 
vertical row of four spots with a large V- 
shaped scar in front of the top spot of the 
row. Above this group are several muscle 
scars near the dorsal margin, the center 
pair of which form a crescentic spot with a 
small ovate scar partly enclosed below it. 
A small, elongate-ovate scar lies between 
the anterior dorsal scar and the central 
group. Two additional scars are set obliquely 
below the central group. The hinge of the 
right valve bears an elongate narrow groove 
which receives the narrow hinge bar of the 
left valve. 

Dimensions of figured specimen.—Length 
(young molt), 0.60 mm.; height, 0.29 mm. 

Remarks.—This species occurs in the Gos- 
port sand at Little Stave Creek and Clai- 
borne Bluff, Alabama, but is rather scarce 
at both localities. It is easily distinguished 
from C. gosportensis Blake n. sp. by its 
greater height. The adult valves have the 
same shape as the young molts, but are 
larger and thicker, with a broader marginal 
area around the anterior end. A young molt 
was chosen for figuring because the muscle 
scars are clearly visible, which is not the 
case in the adult valves. 


Genus TRACHYLEBERIS Brady, 1898 

Genotype.—Cythere scabrocuneata Brady, 
1880, p. 103, pl. 17, figs. 5a—Sc. 

The genus Trachyleberis, described by 
Brady, was based on a species from New 
Zealand. It was reestablished by Sylvester- 
Bradley, 1948, in this journal, vol. 22, p. 
794, pl. 122, figs. 13-18. The following two 
species belong to this group. 
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TRACHYLEBERIS DAVIDWHITEI (Stad- 
nichenko) 
Plate 30, figure 27 


Cythereis davidwhitei STADNICHENKO, 1927, Jour, 
Paleontology, vol. 1, p. 240, pl. 39, fig. 24 

Cythereis gibsonensis Howe and CHAMBERs 
1935, Louisiana Dept. Cons. Geol. Bull. 5) 
p. 29, pl. 1, fig. 22; pl. 6, figs. 21, 22 

Cythereis quinquespinosa SUTTON and WILLIAaws, 
1939, Jour. Paleontology, vol. 13, p. 566, pl. 
63, figs. 10, 11. 

Cythereis davidwhitet, STEPHENSON, 1946, idem, 
vol. 20, p. 336, pl. 44, fig. 5; pl. 45, fig. 12, 


Description.—Carapace in side view elon- 
gate-subquadrate. About four long, blunt, 
widely-spaced, gently arched spines project 
in a line just below the dorsal margin, 
Another spine extends from the posterior 
cardinal angle of the left valve. Several 
prominent spines lie along the central part 
of the carapace, the anterior one of which is 
offset ventrally. Another line of spines be- 
gins above the postero-ventral margin, 
arching downward anteriorly to the ventral 
margin. One or more additional spines are 
situated below the posterior cardinal angle. 
With the exception of a few small, scattered 
nodes, the remainder of the carapace is 
smooth and polished. 

Dimensions of figured specimen.—Length, 
0.70 mm.; height, 0.33 mm. 

Remarks.—A close comparison of the 
Gosport specimens with the types of 
Cythereis gibsonensis Howe and Chambers, 
and the hypotypes of C. davidwhitei Stad- 
nichenko of Stephenson, revealed that no 
constant difference exists. All apparently 
fit the original description of C. davidwhitei 
Stadnichenko. 

This species occurs at Little Stave Creek 
and at Claiborne Bluff, Alabama, in the 
Gosport formation, but in no abundance. 
The known range, therefore, extends from 
the lower Claiborne to the top of the Jack- 
son Eocene. 


TRACHYLEBERIS WASHBURNI (Stephenson) 
Plate 30, figures 20-22 


Cytherets washburni STEPHENSON, 1944, Jour. 
Paleontology, vol. 18, p. 452, pl. 76, fig. 8. 


Surface of carapace is covered with spines, 
some heavy and branching into star-shaped 
ends, others shorter and pointed. They rise 
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from ridges which produce coarse, but ob- 
scured, reticulations. The original descrip- 
tion of this species was based on female(?) 
specimens because no mention was made 
of an elongate form. I have observed both 
long and short forms in the Gosport, and 
consider them to be males and females of the 
same species. This is a fairly common species 
in the Gosport at Little Stave Creek and at 
Claiborne Bluff, Alabama, but may not be 
easily recognized because foreign matter, 
wedged between the spines, masks the sur- 
face and more than ordinary washing is 
necessary to remove it. 

Dimensions of figured specimens.—Length, 
0.78 mm.; height, 0.37 mm. Young molt: 
length, 0.60 mm.; height, 0.30 mm. 


Genus TRIGINGLYMUS Blake, n. gen. 


Genotype. — Triginglymus hyperochus 
Blake, n. sp. 

This genus belongs to that group of ostra- 
cods known formerly under the genus 
Cythereis Jones, but differing from that and 
all subsequent genera in the possession of a 
triangular, ‘‘anti-slip’’ tooth behind the 
anterior cardinal angle and just anterior to 
and below the middle of the dorsal margin. 
The outline of the carapace is nearest to that 
of Leguminocythereis, but that genus has no 


such tooth. 


TRIGINGLYMUS HYPEROCHUS Blake, n. sp. 
Plate 30, figures 4—9 


Description.—Carapace in side view elon- 
gate-subquadrate; viewed from _ above, 
broadest posterior to middle. Dorsal margin 
nearly straight; ventral margin somewhat 
sinuous, converging slightly toward poste- 
rior. Anterior end broadly and obliquely 
rounded, faintly denticulate below middle. 
A low, moderately broad marginal rim 
parallels the anterior end, and continues as 
a narrow rim along the ventral and posterior 
margins. A low, roughly circular muscle 
scar swelling lies near the center of the cara- 
pace, behind which the valve is inflated, 
especially in the females, the inflation being 
greatest just above the ventral margin. The 
surface is ornamented with coarse, shallow 


reticulations which roughly parallel the 
margins. Those aligned over the postero- 
ventral inflation are elongate-ovate in out- 
line; the remainder are more nearly equidi- 
mensional. There are several low ridges on 
the flattened venter, trending subparallel to 
the line of contact of the valves, and becom- 
ing obscured by the pitting around the ends. 
Viewed from the inside the valves are mod- 
erately deep. The external pitting is clearly 
visible through the shell wall. Marginal 
area fairly broad, with line of concrescence 
and inner margin not coinciding. Radial 
pore canals numerous around anterior end, 
less so around posterior and ventral margins. 
The muscle scar pattern consists of a vertical 
row of four elongate-ovate spots, with two 
oblique scars in front of the upper two 
spots of the row. An ocular sinus lies in front 
of and below the anterior cardinal angle. 
The hinge of the right valve consists of a 
high, almost cylindrical anterior tooth 
followed by a deep, triangular socket which 
tapers into a narrow, smooth or faintly 
notched groove. The groove continues 
just below the dorsal margin, turning down- 
ward slightly near the posterior cardinal 
angle, which is occupied by an elongate, 
oval, blunt tooth. A large, subtriangular lobe 
projects ventrally and somewhat laterally 
from the zone below the dorsal groove and 
just behind the anterior tooth and socket. 
The hinge of the left valve consists of a deep, 
almost circular anterior socket, followed by 
a blunt tooth which arches downward 
anteriorly, and is drawn out posteriorly into 
a narrow bar. The bar bends slightly down- 
ward at the posterior cardinal angle which is 
occupied by an elongate-ovate socket. A sub- 
triangular lobe is produced ventrally and 
somewhat laterally from the zone below the 
hinge line and just behind the anterior 
tooth. 

Dimensions of figured specimens.—Male 
left valve: length, 0.65 mm.; height, 0.30 
mm.; depth 0.13 mm. Female right valve: 
length, 0.60 mm.; height, 0.38 mm. Right 
valve, dorsal view: length, 0.62 mm.; depth, 
0.17 mm. 

Remarks.—This species occurs rather 
commonly in the Gosport sand at Little 
Stave Creek and at Claiborne Bluff, Ala- 
bama. It is recognized by the triangular 
hinge projection. 
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Subfamily CYTHERURINAE Miiller, 1894 
Genus CYTHEROPTERON Sars, 1865 
CYTHEROPTERON VARIOSUM Martin 

Plate 30, figures 13, 14 

Cytheropteron variosum MArtTIn, 1939, Jour. 

Paleontology, vol. 13, p. 178, pl. 22, figs. 7-9. 

Description.—Carapace small; dorsal mar- 
gin strongly arched; ventral margin gentiy 
convex. A prominent, but not greatly pro- 
duced, ala roughly parallels the ventral 
margin, barely concealing it. Surface orna- 
mentation varies: some specimens are almost 
entirely smooth; others have, in varying de- 
gree, rows of vertically aligned, elongate, 
shallow pits extending from the ala almost 
to the dorsal margin. The anterior one- 
third of all specimens is smooth. This is a 
common Gosport species at Little Stave 
Creek and Claiborne Bluff, Alabama. 

Dimensions of figured specimens.—Length 
(right valve), 0.43 mm.; height, 0.36 mm. 
Length (complete specimen), 0.44 mm.; 
width, 0.28 mm. 


Genus CYTHERURA Sars, 1865 
CYTHERURA SEMIRETICULATA Blake, n. sp. 
Plate 30, figures 17, 18 


Description.—Carapace small, in side 
view subovate. Dorsal margin strongly 
arched, tapering posteriorly; ventral margin 
nearly straight. Anterior end_ regularly 
rounded; posterior end drawn out into a 
bluntly pointed caudal process just below 
middle. A prominent alate ridge begins 
within the antero-ventral angle and con- 
tinues posteriorly in a broad arch to the 
postero-ventral angle. Ventral margin is 
barely obscured by the ala. Several irregu- 
lar longitudinal ridges lie on the upper 
slope of the ala. Carapace is marked with 
broad, shallow reticulations above these 
ridges. Viewed from the inside the valves 
are deep. Marginal area very broad, de- 
pressed, with posterior inner margin ex- 
tending as a wide lobe to center of carapace. 
Line of concrescence and inner margin coin- 
cide. Hinge of right valve bears a straight 
groove below the dorsal margin, with dorsal 
edge of left valve apparently fitting into it. 

Dimensions of figured specimen.—Length, 
0.43 mm.; height, 0.21 mm. 

Remarks.—This species is rather scarce in 
the Gosport sand at Little Stave Creek, 
Alabama. It does not appear in Murray’s 
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Claiborne Bluff sample which I have ex. 
amined. 


CYTHERURA ULTRA Blake, n. sp. 
Plate 30, figure 19 


Description.—Carapace in side view elon. 
gate-subquadrate. Dorsal and ventral mar. 
gins almost straight and parallel. Anterior 
end regularly rounded, bearing a fragile, 
roughly scalloped rim. Posterior end tapered 
into a bluntly pointed caudal process, A 
prominent, arched ala overhangs the ventral] 
margin. It is crested with two very sharp, 
fragile ridges, the lower of which merges 
with the anterior rim. The upper ridge be- 
gins beside the first near the antero-ventral 
angle and ends at the posterior ventral angle. 
A coarsely pitted groove separates the sharp 
crest of the ala from a beveled rib, which ex. 
tends subparallel to the ala to a point past 
the middle of the shell. A similar rib is pres- 
ent on the dorsal margin. Another rib ex- 
tends in an arc, convex forward, from near 
the middle of the dorsal rib to the supra- 
ala rib. A branch extends anteriorly down- 
ward from the middle of the arc. A vertical 
sinus lies behind the arc, and is followed by 
a sigmoid rib which joins the supra-ala rib. 
A curved rib lies above the postero-ventral 
angle. The area behind the center of the 
carapace is smooth and gently inflated. 
Viewed from the inside the valves are deep. 
Marginal area depressed and very broad, 
with posterior inner margin extending as a 
wide lobe to the center of carapace. The 
inner margin at the anterior end reaches a 
line through the anterior cardinal angle. 
The line of concrescence and the inner mar- 
gin coincide. The hinge of the right valve 
carries a narrow groove below the dorsal 
margin which probably receives the dorsal 
margin of the left valve. 

Dimensions of figured specimens.—Length, 
0.45 mm.; height, 0.21 mm. 

Remarks.—This species is rare at Little 
Stave Creek, Alabama, in the Gosport sec- 
tion. It was not observed in the Claiborne 
Bluff sample of Dr. Murray. 


Subfamily LoxoOCcONCHINAE Sars, 1926 
Genus Loxoconcua Sars; 1865 
LOXOCONCHA STAVENSIS Blake, n. sp. 
Plate 30, figures 10-12 
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view subrhomboidal. Dorsal and ventral 
margins nearly straight or slightly convex. 
Anterior end broadly and evenly rounded; 
posterior end bluntly angular, obliquely 
truncate above and evenly rounded below. A 
slight keel formed by the ventral margin pro- 
duces a faint offset on the otherwise smooth 
sweep of the posterior and ventral margins. 
Margins smooth; remainder of carapace 
covered with deep, subangular to rounded 
pits arranged in a reticulate pattern through- 
out. Alignment of pits seems to be accidental 
and inconsistent, but total lack of alignment 
is more common. A low rib lies above the 
postero-ventral margin. Viewed from the in- 
side the valves are moderately deep. Hinge 
of right valve consists of a weak U-shaped 
anterior tooth which opens dorsally, fol- 
lowed by an elongate, narrow, finely-crenu- 
lated groove, and ending at the posterior 
cardinal angle with a weak, claw-like tooth 
which opens antero-ventrally. Hinge of left 
valve equipped with claw-like terminal teeth 
which apparently articulate with those of the 
right valve, and which are connected by a 
long, straight, finely-crenulate bar. Marginal 
area fairly broad with line of concrescence 
and inner margin not coinciding at the ends. 

Dimensions of figured specimens.—Length 
(right valve), 0.37 mm.; height, 0.22 mm. 
Length (complete specimen), 0.40 mm.; 
width, 0.21 mm. 

Remarks.—This species resembles L. creo- 
lensis Howe and Chambers, described from 
the Jackson Eocene, but is easily distin- 
guished from that species by having no defi- 
nite alignment of pits, those of L. creolensis 
being arranged in longitudinal rows. 


LOXOCONCHA CLARKENSIS Blake, n. sp. 
Plate 30, figures 15, 16 


Description.—Carapace in side view sub- 
rhomboidal, highest and broadest slightly 
posterior to middle. Dorsal and ventral 
margins nearly straight and parallel. An- 
terior end broadly and obliquely rounded; 
posterior end bluntly pointed above middle, 
truncate above, broadly and evenly rounded 
below. Margins smooth; remainder of cara- 
pace covered with moderately fine pits 
arranged in rows roughly parallel to margins. 
The size of the pits varies slightly on differ- 
ent specimens. Viewed from the inside the 


valves are moderately deep, flanked by a 
fairly broad marginal area. Line of concres- 
cence and inner margin do not coincide at 
the ends. Radial pore canals few and widely 
spaced. Hinge of the right valve consists of 
claw-like terminal teeth connected by a long, 
straight, narrow, crenulate groove. Hinge of 
the left valve equipped with claw-like termi- 
nal teeth which interlock with those of the 
right valve, and which are separated by a 
straight, narrow bar which fits into the 
groove of the right valve. 

Dimensions of figured specimens.—Length 
(right valve), 0.45 mm.; height, 0.27 mm. 
Length (left valve), 0.46 mm.; height, 0.28 
mm. 

Remarks.—This species closely resembles 
L. vernonensis Howe and Chambers, de- 
scribed from the Jackson Eocene of Louisi- 
ana, but differs in having larger and fewer 
pits, and an unconcealed ventral margin. 
L. clarkensis has a slight keel on the posterior 
venter, whereas L. vernonensis is rather 
flattened in that region. 


Subfamily BYTHOCYTHERINAE Sars, 1926 
Genus MONOCERATINA Roth, 1928 
MONOCERATINA ALEXANDERI Howe and 
Chambers 
Plate 29, figure*7 


Monoceratina alexanderi HOWE and CHAMBERS, 
1935, Louisiana Dept. Cons. Geol. Geol. Bull. 
5, p. 21, pl. 3, fig. 19; pl. 4, fig. 21. 


This ‘species, originally reported from 
Jackson Eocene localities, is rather scarce at 
Little Stave Creek in the Gosport section. 

Dimensions of figured specimen.—Length, 
0.62 mm.; height, 0.29 mm. 


Subfamily XESTOLEBERINAE Sars, 1928 
Genus XESTOLEBERIS Sars, 1865 
XESTOLEBERIS sp. 

Plate 29, figure 8 


A small species of Xestoleberis occurs 
sparingly in the Gosport formation at Little 
Stave Creek; it is considerably smaller than 
X. sarsi Howe and Chambers from the Jack- 
son Eocene of Louisiana. Because only a few 
separate valves were found, it seems inad- 
visable to present a detailed description. 

Dimensions of figured specimen.—Length, 
0.38 mm.; height, 0.27 mm. 


























184 


REFERENCES 


Bercguist, H. R., 1942, Scott County fossils— 
Jackson Foraminifera and Ostracoda: Mis- 
sissippi Geol. Survey Bull. 49, pp. 105-109, pl. 
rH. 

Brapy, G. S., 1898, On new or imperfectly known 
species of Ostracoda, chiefly from New Zea- 
land: Trans. Zool. Soc. London, vol. 14, pt. 
8, pp. 429-452, pls. 43-47. 

Goocu, D. D., 1939, Some Ostracoda of the 
genus Cythereis from the Cook Mountain 
Eocene of Louisiana: Jour. Paleontology, vol. 
13, pp. 580-588, pl. 67. 

Howe, H. V., and CHAMBERS, JACK, 1935, 
Louisiana Jackson Eocene Ostracoda: Louisi- 
ana Dept. Cons. Geol. Bull. 5. 

, and Garrett, J. B., 1934, Louisiana 
Sabine Eocene Ostracoda: Louisiana Dept. 
Cons. Geol. Bull. 4. 

MarTIN, JAMES, L., 1939, Claiborne Eocene 
species of the ostracode genus Cytheropteron: 
Jour. Paleontology, vol. 13, pp. 176-182, pl. 22. 

Murray, GROVER, JR., 1938, Claiborne Eocene 
species of the ostracode genus Loxoconcha: 
Jour. Paleontology, vol. 12, pp. 586-595, pl. 68. 

, and Hussey, KeitH M., 1942, Some 
Tertiary Ostracoda of the genera Alatacythere 
and Brachycythere: Jour. Paleontology, vol. 
16, pp. 164-182, pls. 27, 28. 

STADNICHENKO, M., 1927, Foraminifera and 
Ostracoda of the marine Yegua of the type 








DANIEL B. BLAKE 


sections: Jour. Paleontology, vol. 1, pp. 224- 
243, pls. 38-39. 

STEPHENSON, M. B., 1936, Shell structure of the 
ostracode genus Cytheridea: Jour. Paleontology 
vol. 10, pp. 695-703, pl. 94, text figs. 13 

, 1937, Middle Tertiary Ostracoda of ‘the 
genus Cytheridea: Jour. Paleontology, vol, 1{ 
pp. 145-159, pls. 26, 27. ' 

——,, 1942, Some Claiborne Eocene Ostracoda of 
the genus Cytheridea from the Gulf Coast: 
Jour. Paleontology, vol. 16, pp. 105-115, pl. 18, 

——, 1944, Ostracoda from the Reklaw Eocene 
of Bastrop County, Texas: Jour. Paleontology 
vol. 18, pp. 448-454, pl. 76. 

, 1946, Weches Eocene Ostracoda from Smith- 

ville, Texas: Jour. Paleontology, vol. 20, pp. 

297-344, pls. 42-45. 

, 1947, Weches Ostracoda: corrections: Jour, 
Paleontology, vol. 21, pp. 579-581. 

Sutton, A. H., and WIL.iAMs, J. R., 1939, 
Ostracoda from the Weches formation at 
Smithville, Texas: Jour. Paleontology, vol. 13, 
pp. 561-574, pls. 63, 64. 

SYLVESTER-BRADLEY, P. C., 1948, The ostracode 
genus Cythereis: Jour. Paleontology, vol. 22, 
pp. 792-797, pl. 122, text figs. la—ic. 

VAN DEN Bo p, W. A., 1946, Contribution to the 
study of Ostracoda with special reference to 
the Tertiary and Cretaceous microfauna of 
the Caribbean region. Doctoral dissertation, 
} age University, J. H. DeBussy, Amster- 

am. 














Pp. 221- 


re of the 
ontology 
ye. 2 2 
2 Of the 
vol. 11, 


acoda of 
Oast: 

5, pl. 18. 
ocene 


n tology, 


| Smith- 
20, pp. 


S: Jour, 


,, 1939, 
ion at 
vol. 13, 


‘'racode 
ol. 22, 


nce to 
Ina of 
tation, 


mster- | 








to the | 


JOURNAL OF PALEONTOLOGY, VOL. 24, NO. 2, PP. 185-218, pLs. 31-35, 11 TEXT FIGs., MARCH 1950 


AMMONOIDS OF THE PENNSYLVANIAN FINIS 
SHALE OF TEXAS 


A. K. MILLER anp H. R. DOWNS 
State University of Iowa, Iowa City, Iowa 





ABsTRACT—The largest single ammonoid fauna known from the Upper Pennsyl- 
vanian is that of the Finis shale member of the Graham formation of north-central 
Texas. It consists of 15 species, each of which is illustrated and discussed. These 
belong in the following 11 genera: Uddenites, Imitoceras, Gonioloboceras, Neodi- 
morphoceras, Eoasianites, Schistoceras, Eothalassoceras, Agathiceras, Peritrochia, 
Shumardites, and Vidrioceras. One new species is established—it is referable to 


Vidrioceras. 





ITH the possible exception of the south- 
V V ern Ural region and one or two locali- 
ties in Kansas, late Upper Carboniferous 
ammonoids seem to be abundant and varied 
only in Texas. The strata which have yielded 
the best material are portions of the Graham 
formation of the north-central part of that 
state. They carry two closely related cepha- 
lopod faunas which occur about 300 or 400 
feet apart stratigraphically. The older of 
these is in the basal portion of the formation, 
the Finis shale; whereas the younger is re- 
ported from the beds between the Bunger 
limestone and the Avis conglomerate, just 
above the middle of the Graham. The latter 
is stated by Plummer and Scott (1937, p. 
18) to be the “‘best-known ammonite zone 
in the north-central Texas section.’’ How- 
ever, the collections that have recently be- 
come available from the Finis shale, a rel- 
atively smail and definite stratigraphic 
unit, contain more individuals and approxi- 
mately the same number of genera and spe- 
cies, and the specimens are about equally 
well preserved. 

Because of these facts, the Finis shale 
material offers a unique opportunity to ac- 
quire a reasonably comprehensive under- 
standing of a large and varied Upper Penn- 
sylvanian ammonoid fauna, with which 
others can be compared and contrasted to 
advantage. We therefore have assembled as 
many specimens as possible from this shale, 
and have studied them in detail. At different 
times we visited many of the outcrops and 
secured a quantity of material. Other collec- 
tions were obtained from Messrs. James P. 
Conlin of Forth Worth, Ralph H. King of 
Wichita Falls, John Britts Owen of Clinton 


(Missouri), Robert C. Spivey of the Shell 
Oil Company, Merrill A. Stainbrook of 
Brandon (Iowa), Robert J. Stark of Grape- 
vine (Texas), and Mrs. H. J. Renfro of Fort 
Worth—King’s type and figured specimens 
are to be deposited in the U. S. National 
Museum. Messrs. M. G. Cheney of Cole- 
man (Texas), Wallace Lee of the U. S. Geo- 
logical Survey, and Robert C. Spivey of 
the Shell Oil Company advised us in re- 
gard to the stratigraphy involved. Acknowl- 
edgement is also due to the late Drs. F. B. 
Plummer and Gayle Scott, whose volume 
on “Upper Paleozoic ammonites in Texas” 
has been of very great assistance to us. The 
photographs which accompany our report 
were retouched by Mr. Howard Webster 
of Iowa City, and he also drew the text 
figures. The Graduate College of the State 
University of Iowa and particularly Mr. 
F. O. Thompson of Des Moines made the 
completion of the report financially possible. 


THE FINIS SHALE 


In their well-known study, ‘Stratigraphy 
of the Pennsylvanian formations of north- 
central Texas,’’ Plummer and Moore (1922, 
p. 127) named the beds which they regarded 
as the “oldest portion of the [basal Cisco] 
Graham formation’’ after a small town, 
Finis, in the Brazos River Valley, close to 
the southwest corner of Jack County. They 
state that these “‘strata consist of sandy 
shale with interbedded sandstone 50 to 100 
feet or more in thickness, which rest on the 
Home Creek limestone at the top of the 
Canyon group. This member... may be 
identified southward from its type locality 
by its position between the massive Canyon 
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limestones and the Jacksboro limestone of 
the Graham formation.” 

Subsequent authors shifted the boundary 
between the Canyon and the Cisco groups 
and adjusted the details of the stratigraphic 
terminology to coincide with their particular 
views; and for a time (see Sellards, 1933, 
p. 114) the Jacksboro limestone and the 
Finis shale were considered to be ‘‘part of 
the Home Creek limestone.’’ However, in 
their report on the ‘‘Geology of Palo Pinto 
County, Texas,’’ which lies immediately 
south of Jack County, Plummer and Horn- 
berger (1936, p. 62) defined the Finis shale 
as the 50-foot basal portion of the Graham 
formation and therefore of the Cisco group. 
This interpretation was accepted by the 
United States Geological Survey (Wilmarth, 
1938, p. 731), and we also are essentially 
following it. However, Wallace Lee has re- 
cently written us that in Young County 
(just west of Jack County) the 1-foot-thick 
Salem School limestone lies only about 5 
feet above the Home Creek though it is 
separated from it ‘‘by a considerable hiatus 
which is obscure except where revealed by 
the Kisinger channel.’’ It seems to us that 
the base of the Cisco should be drawn at 
that hiatus, and that therefore the Finis 
does not include the basal few feet of the 
Cisco. That is, according to Lee, the ‘‘name 
Finis shale was given to the sequence over- 
lying the original Home Creek and is there- 
fore the sequence above the Salem School 
limestone.” 

The Finis shale outcrops in a rather nar- 
row belt extending northeast and southwest 
from its type locality. To the southwest it 
thins and does not seem to have been recog- 
nized for more than about 13 miles, at which 
point, however, it is 52 feet thick according 
to Plummer and Hornberger (1936, p. 63). 
Its best development is northeast of Finis in 
the central and northeastern portions of 
Jack County, where the member is quite 
variable in thickness and composition. In 
the vicinity of Jacksboro, near the center of 
the county, according to Spivey (1936, p. 31) 
it ‘‘consists of about 200 feet of light yellow, 
sandy shale with two 6-foot sandstone 
layers near the middle. To the northeast the 
lower sandstone increases to a thickness of 
about 15 feet,’ and three thin limestone 
lenses, called the Cundiff limestone, appear 
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within the shale. “‘Each layer of limestone js 
from one to three feet thick and is separated 
from the others by 60 to 70 feet of shale.” 
Scott and Armstrong (1932, p. 38) stated 
that the exposures are relatively poor im. 
mediately east of Jack County, and not far 
from there these Pennsylvanian strata dis. 
appear altogether under Lower Cretaceous 
sandstones. 


THE FAUNA OF THE FINIS SHALE 


Several authors have reported that the 
Finis shale contains exceptionally well pre. 
served marine invertebrates in abundance 
and variety. For example, Plummer and 
Hornberger (1936, p. 64) stated: ‘The fos- 
sils from the lower member of the Graham 
formation are about the best preserved and 
most interesting assemblages in the Penn- 
sylvanian section. They are characterized 
by the well-known discoidal ammonite, 
Uddenites, and its associated cephalopods, 
Marathonites [=Peritrochia], Agathiceras, 
Schistoceras, Gontoloboceras, and Gastrio- 
ceras [Eoasianites], thus constituting the 
richest ammonoid zone in the entire sec- 
tion.”’ Furthermore the specimens are more 
resistant to weathering than the enclosing 
matrix, a soft sandy shale; and at many of 
the outcrops free fossils can therefore be 
picked up in quantity. 

Our collections and the published list 
make it clear that the fauna of the Finis 
shale consists of a few plants, fusulinids, 
sponges, conularids, and crinoids, and a 
variety of corals, bryozoans, and _ particu- 
larly brachiopods, pelecypods, gastropods, 
and cephalopods. Nautiloids are more 
abundant than ammonoids, with which 
they occur in direct association—the chief 
nautiloid genera are Pseudorthoceras, Moore- 
oceras, Bactrites?, Brachycycloceras, Poteri- 
oceras, Liroceras, Domatoceras, Metacoceras, 
and Tainoceras. However, we propose to 
consider in detail only the ammonoids. 
Some of these have been listed and dis- 
cussed more or less incidentally by authors 
who were primarily interested in stratig- 
raphy, and in their well-known volume on 
“Upper Paleozoic ammonites in Texas” 
Plummer and Scott included illustrations 
and descriptions of essentially all the species. 
However, none of the previous authors 
seems to have had available anything like 
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the wealth of material that we have as- 
sembled, and therefore the scope of their 
studies was relatively lirnited. 

Altogether, the foi:owing species of am- 
monoids are now known from the Finis 


shale: 

Uddenites owent Miller and Furnish 

Imitoceras grahamense (Plummer and 
Scott) 

Gonioloboceras goniolobum (Meek) 

Neodimorphoceras texanum (Smith) 

Eoasianites anguloumbilicatus (Plummer 
and Scott) 

E. millsi (Miller and Cline)? 

E. modestus (Bose) 

Schistoceras hildrethi (Morton) 

S. missouriense (Miller and Faber) 

Eothalassoceras caddoense (Plummer and 
Scott) 

Agathiceras ciscoense Smith 

Peritrochia ganti (Smith) 

Shumardites cuylert Plummer and Scott 

Vidrioceras uddeni Bose 

V. conlinit Miller and Downs, n. sp. 


This list seems to differ considerably from 
that of Plummer and Scott (1937, pp. 
17-18). However, they referred to U. schu- 
cherti the form we are identifying as Udde- 
nites owent, our Imitoceras grahamense is their 
Neoaganides grahamensis, our Gonioloboceras 
goniolobum is their G. welleri and their 
Wiedeyoceras pinque, our Eoasianites modes- 
tus is their Glaphyrites kansasensis, our 
Schistoceras hildrethit is their Paraschisto- 
ceras hildretht, our Schistoceras missouriense 
is their S. missouriense and their S. diversi- 
costatum, our Eothalassoceras caddoense is 
their Prothalassoceras kingorum, our Aga- 
thiceras ciscoense is their A. ciscoense and 
probably also their A. frechi, and our Peri- 
trochia ganti is their Marathonites ganti and 
their M. sulcatum. These authors (Plummer 
and Scott, 1937, p. 18, pl. 38, figs. 11, 12) 
stated that their species, Trochilioceras 
tenuosum, occurs in this fauna, but in their 
description of that species, they listed it 
only from the Home Creek limestone, which 
underlies the Finis shale and is uppermost- 
Canyon, rather than basal Cisco, in age. The 
specimen they figured from 33 miles south- 
east of Jacksboro probably came from the 
Finis shale, but we suspect that this is an 
immature representative of one of the spe- 
cies listed above. 


COMPARISONS WITH RELATED AM- 
MONOID FAUNAS 


Spivey (1936, p. 28) stated that “‘most of 
the fossils that occur in these shales occur 
also in the shales between the layers of the 
[immediately overlying] Jacksboro lime- 
stone,”’ and he has recently written us that 
we may have trouble determining whether 
certain specimens came from a shale be- 
tween beds of Jacksboro limestone or from 
below the Jacksboro. Nevertheless, insofar 
as we have been able to ascertain, only one 
fauna is involved. 

Probably this fauna can be recognized in 
the valley of the Colorado River, about one 
hundred miles to the south, where Upper 
Pennsylvanian strata are well developed 
and exposures are numerous. Lee (1938, 
pl. 10) reported the presence of an ammo- 
noid zone there in a shale which lies only a 
few feet above the Home Creek limestone 
(as does the Finis in the valley of the Bra- 
zos). However, he has recently written us 
that he thinks ‘“‘the Finis shale or its re- 
placements are not represented in the 
Colorado River area by reason of wedging 
out or beveling.’’ Furthermore, he (1938, 
pl. 10) stated that in the valley of the Brazos 
there is an ammonoid zone a few feet above 
the Bunger limestone, and his plate (a cor- 
relation chart) seems to suggest that this 
zone probably correlates directly with the 
ammonoid zone slightly above the Home 
Creek limestone in the Colorado River 
valley. Plummer and Scott (1937, p. 18) 
regarded the ammonoids which come from 
the beds between the Bunger limestone and 
the Avis conglomerate as constituting a 
single fauna, and if that is correct, the am- 
monoids from just above the Bunger are 
presumably very similar to those which oc- 
cur in the slightly younger Wayland shale, 
which lies just below the Avis. The Wayland 
shale, according to Lee, is recognizable in 
the valleys of both the Brazos and the Colo- 
rado. Its abundant ammonoid fauna is very 
much like that of the Finis, and most of the 
species found in one occur also in the other. 
However, the only species of Shumardites 
known from 4he Wayland, S. simondsi 
Smith, is distinctly more advanced than the 
congeneric form of the Finis, S. cuyleri 
Plummer and Scott. Also, Schistoceras 


hildrethi (Morton) is much more abundant 
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in the Wayland than in the Finis, and the 
genus Daraelites is known to be represented 
in the Wayland but not in the Finis—it is, 
however, rare in the former. These differ- 
ences should enable one to determine 
whether the ammonoids, which according to 
Lee (1938, pp. 25, 167-168) occur a few feet 
above the Bunger, are part of the fauna of 
the Finis or of the Wayland, or are inter- 
mediate, as are the beds which carry them. 
Stratigraphically they are closer to the 
Wayland than the Finis. 

The first extensive ammonoid fauna 
known from below the Finis is that of the 
Graford formation some 850 feet lower in 
the section. It carries a few species in com- 
mon with the one we are studying: Goniolo- 
boceras goniolobum (Meek), Eoasianites an- 
guloumbilicatus (Plummer and Scott), Schis- 
toceras hildrethit (Morton), and S. mis- 
souriense (Miller and Faber). Furthermore, 
both contain representatives of the genus 
Peritrochia, and the Graford carries Para- 
shumardites which is close to Shumardites. 
However, as might be expected because of 
its stratigraphic position, the fauna of the 
Graford is distinctly more primitive than is 
that of the Finis, for it is characterized by 
Prouddenites rather than Uddenites, and it 
does not contain Neodimorphoceras or 
Vidrioceras or any genus (except Para- 
shumardites) which is not represented also 
in the Finis. 

Closely related assemblages of ammonoids 
are also known from the upper part of the 
Gaptank formation of west Texas at two 
localities: (1) the saddle on the butte just 
west of Wolf Camp in the Glass Mountains, 
and (2) about five miles northeast of Wolf 
Camp. The containing beds at these locali- 
ties may not be exactly contemporaneous, 
but they are not greatly different in age. 
The former, which is particularly famous, 
has yielded the following species of am- 
monoids: 

Uddenites schucherti Bose 

Daraelites texanus Bose 

Neodimorphoceras texanum (Smith) 

Eoasianites deciensis (Plummer and Scott) 

E. modestus (Bése) 

_E. ruzencevi Miller and Furnish 

Plummerites incertus (Bése) 

Schistoceras hildretht (Morton) 

S. missouriense (Miller and Faber) 
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A gathiceras frechi Bose 
Peritrocha ‘‘j. p. smitht’’ (Bése) 
Shumardites simondsi Smith 
Vidrioceras uddeni Bose 


Both the Finis and the Wayland shales of 
north-central Texas contain representatives 
or close counterparts of almost all of these 
species. The occurrence of Daraelites texanys 
and particularly Shumardites simondsi in 
this Gaptank assemblage seems to indicate 
that the relationship is closer to the fauna 
of the Wayland than to that of the Finis, 
However, it should be emphasized that only 
one specimen of the latter species is known 
from the Gaptank; and it has never been 
illustrated, nor have we studied it. 

From the second locality in the upper 
part of the Gaptank, that is, from about 
five miles northeast of Wolf Camp, the fol- 
lowing species of ammonoids are now 
known: 


Neopronorites boeset (Smith) 
Uddenites oweni Miller and Furnish 
Daraelites texanus Bose 

Eoasianites modestus (Bose) 
Neodimorphoceras texanum (Smith) 
Schistoceras hildretht (Morton) 

S. missouriense (Miller and Faber) 
Eothalassoceras keytet (Smith) 
Peritrochia ‘‘j. p. smithi’”’ (Bése) 


This assemblage also is very similar to those 
found in the Finis and the Wayland shales, 
and especially the occurrence of Uddenites 
oweni in it suggests a relationship to the 
Finis. However, in the large collections that 
we are studying from that shale, there are 
no counterparts of Neopronorites boeset and 
Daraelites texanum, and therefore we are in- 
clined to doubt that the two faunas are ex- 
actly equivalent. In order to prevent any 
possibility of ambiguity, it should be stated 
that the fauna known from the Gaptank 
southeast of Lenox, Texas, is distinctly 
older than that of the Finis as it is char- 
acterized by the presence of the genus 
Prouddenites as well as Uddenites. 

In south-central New Mexico, an Upper 
Pennsylvanian ammonoid fauna is known 
from near Tularosa. There are representa- 
tives of Gonioloboceras, Eoasianites, and 
Shumardites in it. Although these genera are 
also represented in the Finis shale, the 





— 





ales of 
tatives 
f these 
exanus 
dsi in 
dicate 
fauna 
Finis, 
it only 
<nown 


* been 


upper 
about 
1€ fol. 

now 


those 
ales, 
nites 
. the 
that 
> are 
and 
e in- 
> eX- 
any 
ated 
‘ank 
ctly 
har- 
nus 


per 
own 
nta- 
and 
are 
the 














PENNSYLVANIAN AMMONOIDS 189 


general aspect of the two faunas is not very 
similar, and there is no good reason to be- 
lieve that they are closely related. Further- 
more, the single specimen of Shumardites 
found at Tularosa, though not very well 
preserved, seems to be more advanced than 
5. cuylert and S. simondsi and, therefore, it 
suggests that the containing beds are 
younger than the Finis and the Wayland 
shales. 

No faunas are known from the northern 
Mid-Continent region that compare favor- 
ably with that of the Finis. In Oklahoma, 
perhaps the most similar is that of the Nellie 
Bly, which is distinctly older. Although 
these two faunas carry in common such 
long-ranging species as Gontoloboceras goni- 
olobhum and Schistoceras missouriense, and 
the genera Eoasianites and Peritrochia are 
represented in both, they are otherwise not 
very similar. The Nellie Bly is characterized 
by Prouddenites rather than Uddenites and 
Parashumardites rather than Shumardites. 
In the Finis there are no counterparts of 
Daraelites and Eupleuroceras, and in the 
Nellie Bly there are none of Imitoceras, 
Neodimorphoceras, Eothalassoceras, Agathi- 
ceras, and Vidrioceras. 

Somewhat more to the north, in east- 
central Kansas at Emporia and northeast of 
Piedmont, abundant small limonitic in- 
ternal molds of ammonoids (and a very few 
nautiloids) weather out of the Upper Penn- 
sylvanian Dry shale, just above the Dover 
limestone. Most of these seem to be refer- 
able to two species, Jmitoceras grahamense 
and Gonioloboceras goniolobum, and the 
representatives of the latter are all more or 
less immature. According to Smith (1929, 
p. 67), Gastrioceras [=? Eoasianites], Neo- 
dimorphoceras, and Marathonites |= Peri- 
trochia] also occur at Emporia, but like Elias 
(1936, p. 695) we have not found any repre- 
sentatives of the last two of these genera 
among the hundreds of specimens we have 
examined. The fact that all three of the 
genera and the two established species of 
ammonoids that are definitely known to oc- 
cur in the Dry shale are also present in the 
Finis might be taken to indicate that these 
faunas are closely related, but this conclu- 
sion is not warranted. The Dry shale con- 
tains a “dwarfed fauna,” and all of the 
specimens we have seen from it are repre- 


sentatives of long-ranging types. None of 
the Finis forms that we regard as diagnostic 
are present in the Dry, and in our opinion 
the similarity between the two faunas is far 
more apparent than real. The differences are 
presumably due to age, ecology, etc., and it 
is generally believed that the Dry is con- 
siderably younger than the Finis, though 
both belong in the Upper Pennsylvanian 
series. Furthermore the sediments which 
compose the Dry shale may have been de- 
posited in waters of abnormal salinity, for 
presumably they accumulated near the 
northern terminus of an Upper Pennsyl- 
vanian cul-de-sac. The fact that the speci- 
mens are now limonitic suggests that orig- 
inally they may have been preserved in 
pyrite, and it has been generally held that 
animals living in water containing a suff- 
cient amount of iron compounds are likely to 
be inhibited in their growth. 

No other ammonoid faunas are known 
from North Ame:ica that are at all similar 
to that of the Finis shale, and it has been 
contended that in other parts of the world 
beds of this general age are almost devoid of 
ammonoids. However, Ruzhencev (1936, 
pp. 505-506; 1939, p. 850; 1945, p. 289) has 
stated that in the Orenburgian of the Ural 
region he has discovered “‘a rich and highly 
characteristic fauna of ammonites with such 
typical Upper Carboniferous genera as 
Uddenites, Vidrioceras, Shumardites, Mara- 
thonites |=Petritrochia], Emilites, Schisto- 
ceras, Glaphyrites [=Eoasianites], Aristo- 
ceras |= Eothalassoceras], Neodimorphoceras, 
etc.”” Representatives of certain of these 
genera (Uddenites, Schistoceras, and Neodi- 
morphoceras) have never been illustrated or 
described from the Ural region, but Ru- 
zhencev’s list is certainly suggestive of the 
fauna of the Finis shale. Furthermore, it 
indicates that, as he pointed out, the view 
should no longer be held that development 
of highly complex ammonoids of the Per- 
mian from the relatively simple forms of the 
Upper Carboniferous or Pennsylvanian al- 
most certainly took place in the area that is 
now the southwestern United States. 


SYSTEMATIC PALEONTOLOGY 
Genus UDDENITES Bose, 1919 


Genotype.— Uddenites schucherti Bose. 
During early ontogenetic development, 
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typical representatives of this genus pass 
through a Pronorites and then a Proud- 
denites stage, but there is a considerable 
amount of individual variation in the su- 
tures of each of the several specimens that 
have been studied in detail. At maturity, 
the sutures of the genotype of Uddenites are 
only slightly more advanced than those of 
the type species of Prouddenites, but the 
two genera can also be differentiated by the 
fact that the conch of the former is grooved 
ventrally, whereas that of Prouddenites is 
not. Advanced representatives of Uddenites 
have sutures that approach those of Pro- 
pinacoceras, and there is more or less grada- 
tion from the single known species of Proud- 
denites through Uddenites to Propinacoceras. 

Miller and Furnish (1940, pp. 37-38) con- 
cluded that of the several species of Udde- 
nites which have been proposed, U. minor 
Bése and possibly U. serratus Plummer and 
Scott are to be suppressed as synonyms of 
U. schucherti, and U. subschucherti Plummer 
and Scott (a nomen nudum) is probably a 
synonym of U. oweni Miller and Furnish, 
which appears to be fairly close to U. harlani 
Plummer and Scott. The last is based on a 
large specimen and is said to be character- 
ized by the possession of ‘‘distinct and 
regular’ ventrolateral nodes, whereas even 
large testiferous representatives of U. oweni 
are not prominently nodose (see pl. 31, figs. 
3, 4). The conch of U. schucherti is relatively 
wider than that of U. oweni and U. harlani, 
but intermediate forms may be found. 

Representatives of the genus Uddenites 
are known only from the Upper Pennsyl- 
vanian of Texas and probably the upper 
Uralian of the southern Urals (Ruzhencev, 
1936, p. 484; 1939, p. 850; 1945, p. 289). In 
west Texas they occur in the upper part of 
the Gaptank formation, and in the north- 
central portions of the same state they have 
been found in the Caddo Creek and Graham 
formations (uppermost Canyon and basal 
Cisco, respectively). 


UDDENITES OWENI Miller and Furnish 
Plate 31, figures 1-6 


Uddenites schucherti [part] SmitH, 1929, Am. 
Jour. Sci., 5th ser., vol. 17, pp. 67, 71, 72-75; 
‘text figs. A1-A13; ? Kinoc, 1930, Jour. Pale- 
ontology, vol. 4, p. 387; ? MILLER, 1930, idem, 
vol. 4, pp. 400-401, pl. 39, figs. 17-19; PLum- 
MER, 1937, Am. Jour. Sci., 5th ser., vol. 33, p. 
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465; [part] PLUMMER and Scott, 1937, Texas 
Univ. Bull. 3701, pp. 17, 18, 19, 34?, 64, 67-69, 
70, 71, 361, 380, 382, "394, 399, text fig. 88 
(opp. p. 402), pl. 3, figs. 4-8, 9?, 10 [not 1 1-3], 

? Uddenites sp., Scott and ARMSTRONG, 1932, 
Texas Univ. Bull. 3224, p. 39. 

? Uddenites subschucherti. PLUMMER and Scorr, 
1937, Texas Univ. Bull. 3701, text fig. gg 


(opp. p. 402). 

Uddenites owent MILLER and FuRNIsH, 1940, 
Geol. Soc. America ew Paper 26, PP. 12 
36, 37, 38, pl. 2, figs. 1, 2, 5, 6; pl. 3, figs. 9 
The literature contains several Adee 

descriptions of specimens that belong in this 

species, and there is no need for us to du- 
plicate that work. However, some of the in- 
dividuals in our collections show that the 
phragmacone attains a diameter of at least 
40 mm. and that the living chamber is at 
least a quarter of a volution in length. The 
width of the conch seems to be somewhat 
variable and is affected by lateral crushing 
which many of the specimens have under- 
gone. In the small internal mold represented 
by figures 5 and 6 on plate 31, it can be seen 
that the ventral groove, which is so char- 
acteristic of this genus, develops rather 
gradually, starting when the conch has at- 

tained a diameter of about 73 mm. 

As shown by figure 3 on plate 31, at full 
maturity the flat ventral zones which border 
the median ventral groove bear transverse 
nodes or short ribs, and traces of these can 
be discerned on the internal mold in many 
specimens. Testiferous specimens show that 
the growth lines are fairly prominent on the 
lateral zones of the conch, where they are 
sigmoidal, forming broad rounded sinuses on 
the ventral half of those zones and similar 
but somewhat smaller salients on the dorsal 
half (pl. 31, fig. 4). 

The shape of the sutures during late 
adolescence and at full maturity is shown by 
text figure 1. Additional suture drawings 
were published by Smith in 1929, Plummer 
and Scott in 1937, and Miller and Furnish 
in 1940. 

Remarks.—The numerous specimens that 
we are referring to this species show a con- 
siderable amount of variation, particularly 
with respect to the relative width of the 
ventral groove and the ventral zones on 
either side of it, the ventral nodes or short 
ribs, and the smaller inflections of the 
sutures. However, there is so much indi- 
vidual variation in these details that we are 




















PENNSYLVANIAN AMMONOIDS 191 


inclined to believe that they have little 
taxonomic significance. Furthermore, they 
are greatly affected by preservation and in- 
terpretation, and especially by crushing and 
distortion of the conch during fossilization. 

On the legend of their plate 3 of 1937, 
Plummer and Scott inadvertently desig- 
nate as the holotype of U. schucherti Bose a 
specimen that belongs in U. owent. That 
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east of Jacksboro, (2) west side of highway 
about 4 miles south of the same town, and 
(3) about 43 miles southwest of Jacksboro. 
Also, this species is almost certainly repre- 
sented by a specimen from an exposure of 
the same shale in a cut along the Rock 
Island Railroad just east of the viaduct on 
the Mineral Wells-Jacksboro highway about 
1 miles southeast of Jacksboro. 


Fic. /—Diagrammatic representations of external sutures of Uddenites oweni Miller and Furnish, 
based on the specimen represented by figures 1 and 2 on plate 31, where the conch is about 3 mm. 


and 134 mm. high, X25 and X6, respectively. 


specimen came from the Graham formation 
of north-central Texas; it was not among 
Bése’s original types which came from the 
Gaptank formation of west Texas, and it 
can therefore not be established as the holo- 
type of the species. 

Occurrence-—Locally this species is not 
rare in the Graham formation of north- 
central Texas and in the upper part of the 
Gaptank formation of west Texas. In the 
Graham it occurs in two members, the 
Finis and the Wayland shales. We have rep- 
resentatives of it from the Finis at the fol- 
lowing localities, all in Jack County: (1) the 
Ramzy and Riley ranches about 3} miles 


Repositories.—State University of Iowa, 
13604 (pl. 31, figs. 5, 6); U.S. National 
Museum (pl. 31, figs. 1, 2); and private col- 
lection of James P. Conlin of Fort Worth, 
3581 (pl. 31, figs. 3, 4). Additional specimens 
are present in the first and the last of these 
collections and in those at the University of 
Texas. 


Genus Im1TocERAs Schindewolf, 1923 


Genotype.—Ammonites rotatorius de 


Koninck. 

In typical mature representatives of this 
genus, the conch is subdiscoidal, the um- 
bilicus is small and closed, and the sutures 
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are rather primitive and consist of eight un- 
divided pointed lobes separated by rounded 
saddles. However, some of the species that 
are now placed in the genus have rather wide 
conchs, some have moderately large um- 
bilici, and in one the ventral and external 
lateral lobes of the sutures are not pointed. 
In the eastern hemisphere, the genus (as we 
are interpreting it) appears in the Upper 
Devonian and ranges up into the Middle 
Permian (Sosio beds of Sicily). In North 
America it was formerly thought to be 
limited to the Kinderhook group, but it is 
now known to occur in our Osagian strata 
and in various portions of our Pennsylvanian 
system. 

Typical Imitoceras is at least superficially 
similar to Gattendorfia Schindewolf, 1920, 
and Prionoceras Hyatt, 1884 [= Postpro- 
lobites Wedekind, 1913]. However, Schinde- 
wolf placed these two latter genera in the 
family Prolobitidae Wedekind, 1913, where- 
as he referred Imitoceras to the Cheilocera- 
tidae Frech, 1897, a procedure that has been 
questioned by Librovitch (1940, p. 227). 
These two families are stated to differ in the 
nature of the growth lines and constrictions 
and in the development of certain elements 
of the sutures, which can not be studied 
satisfactorily in many specimens. 

This genus, as now interpreted, contains 
most of the species that have in the past 
been referred by American authors to 
Aganides de Montfort, 1808, and Branco- 
ceras Hyatt, 1884. As explained by Schinde- 
wolf (1923, pp. 325-329) and by Miller and 
Werner (1942, pp. 479-480) the latter of 
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these generic names was preoccupied; and 
the former, though valid, is quite useless, 
for it does not seem to be possible to deter. 
mine the nature of the form for which it was 
originally used. 

In 1937, Plummer and Scott proposed the 
generic name Neoaganides for a single 
species of small ammonoids from the Upper 
Pennsylvanian Graham formation of north- 
central Texas, N. grahamensis P. and §S, 
However, they did not compare this form 
with typical representatives of Jmitoceras or 
any other genus. Two years later, Miller and 
Owen (1939, p. 146-147) correctly pointed 
out that the sutures of the genotypes of both 
Neoaganides and Imitoceras consist of the 
same number of elements in about the same 
general proportions and arrangement. 
Therefore, if both genera are to be recog- 
nized, they will probably have to be dif- 
ferentiated on the basis of ontogeny, the 
shape of the growth lines, or the size of the 
conch. It seems very doubtful that the on- 
togeny of the two forms is appreciably dif- 
ferent, and the shape of the growth lines is 
of uncertain value. In general, size is hardly 
a valid generic distinction. However, it is 
worthy of note that all known Pennsyl- 
vanian and Permian forms that have simple 
sutures like those of the genotype of Imito- 
ceras are less than 15 mm. in diameter, 
whereas most of the Lower Mississippian and 
Upper Devonian forms attain a much larger 
size. It may be therefore, that the Pennsyl- 
vanian and Permian forms are degenerate 
representatives of an entirely different stock 
(or stocks) and therefore generically distinct 





EXPLANATION OF PLATE 31 


All specimens are from the Finis shale of north-central Texas. 


Fics. 1-6—Uddenites oweni Miller and Furnish. 1-4, Two specimens from about 34 miles east of 
Jacksboro, Texas, X14. J, 2 (U.S.N.M.); 3, 4, (J.P.C. 3581). 5, 6, specimen from about 4 
miles south of the same tow n, (0.1. 13604), «5. Figs. 1-4 show the nature of the sutures 
and the surface ornamentation of the test at full maturity; 5 and 6 represent the transition 
from late adolescence to early maturity and show the development of the ventral groove. 


(p. 190) 


7, 8—Eoasianites anguloumbilicatus (Plummer and Scott). An almost complete specimen (S. U. I 


1070) from 4 miles east-northeast of Jacksboro, X1}. 


(p. 203) 


p 
9—Gonioloboceras goniolobum (Meek). An early adolescent individual (R. J. S.) from about 3} 
p. 1 


miles east of Jacksboro, <8. 


10-12—Eoasianites millsi (Miller and Cline)? A phragmacone (J. P. C. 3699) showing both the 
internal (fig. 10) and the external (fig. 11) sutures, from the same locality as the Pree On 
1 


X 1}. 
13, 14—Eoasianites modestus (Bése). A medium-sized specimen (J. P. C. 3707), from the same 


locality as figure 9, X14. 


(p. 205) 
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from typical Imitoceras. Nevertheless, it 
seems to us that for the present at least, it 
is best to refer all of the Late Paleozoic 
forms with similar sutures to Jmitoceras. 


IMITOCERAS GRAHAMENSE (Plummer 
and Scott) 
Plate 32, figures 1-4 


Aganides? sp. EL1As, 1936, Internat. Geol. Cong., 
Rept. 16th sess., vol. 1, p. 695. 

Neoaganides grahamensis PLUMMER and Scott 
1937, Texas Univ. Bull. 3701, pp. 18, 350-351, 
390, 502, text fig. 88 (opp. p. 402), pl. 40, 


figs. 4-9. 

Imitoceras grahamense MILLER and Owen, 1939, 
Jour. Paleontology, vol. 13, pp. 146-147, text 
fig. 2, pl. 20, figs. 18-20; MILLER and UNKLEs- 
BAY, 1943, idem, vol. 17, pp. 11-12; SHIMER 
and SHRock, 1944, Index fossils of North 
America, p. 573, pl. 234, figs. 18, 19. 


Conch small (attaining a maximum diam- 


urements of the specimen represented by 
figures 3 and 4 on the same plate are about 
5 mm., 3 mm., and 3 mm., respectively. A 
comparison of these two sets of figures 
makes it clear that during ontogenetic de- 
velopment the conch becomes relatively 
somewhat higher and narrower. The living 
chamber is at least three-fifths of a volution 
in length. The umbilicus is small, incon- 
spicuous, and closed, and the umbilical 
shoulders are rounded and indefinite. 

The test appears to be thin and almost 
smooth. However, in the adoral portion of 
large, fully mature specimens, the lateral 
zones of at least the internal mold bear faint 
transverse undulations which form shallow 
lateral sinuses and which curve rather 
strongly apicad on the ventrolateral zones, 
suggesting that there was a moderately deep 
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Fic. 2—Diagrammatic representation of an adoral suture 
(at a diameter of about 4 mm.) of a mature specimen (U.S. N. 
M.) from the Finis shale about 44 miles east of Jacksboro, X20. 


eter of only about 10 mm.), thickly sub- 
discoidal, whorls flattened (but nevertheless 
very broadly rounded) laterally, rather nar- 
rowly rounded ventrally, and deeply im- 
pressed dorsally. The moderately large 
specimen represented by figures 1 and 2 on 
plate 32 is about 6.8 mm. in diameter, and 
at its adoral end its conch is about 3.7 mm. 
high and 4 mm. wide. Corresponding meas- 


sinus there (which, however, is not dis- 
cernible). 

As shown by text figure 2, each mature 
suture forms a rather narrow spatulate 
rounded ventral lobe and on either side of it 
a much broader rounded first lateral saddle, 
a V-shaped but narrowly rounded first 
lateral lobe, a broad rounded second lateral 
saddle, a small asyminetrical subangular 





EXPLANATION OF PLATE 32 


All specimens are from the Finis shale of north-central Texas except that illustrated by figures / and 
2, which is from the Wayland shale, slightly higher in the Graham formation. 


Fics. 1-4—Imitoceras grahamense (Plummer and Scott). Two internal molds of mature individuals. 
1, 2, (S.U.I. 3299), From about 5 miles north of Jacksboro, Texas; 3, 4, (U.S.N.M.), from 


about 43 miles east of the same town. All X10. 


(p. 
5-9—Gonioloboceras goniolobum (Meek). Three internal molds. 5, 6, (S.U.I. 13809), From 34 
miles southeast of Jacksboro, Texas; 7-9, (J.P.C. 3681 and 3663, respectively), from 
34 miles due east of the same town. 5, 6,9, X1;7, 8, X2. (p. 196) 
10, 11—Neodimorphoceras texanum (Smith). A large internal mold (S. U. I. 13829) from 34 
miles east of Jacksboro, X1. 


193) 


(p. 200) 
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umbilical lobe, a broad rounded internal 
second lateral saddle, a small narrow in- 
ternal first lateral lobe, and a rather small 
U-shaped internal first lateral saddle which 
extends to the rather narrow dorsal lobe— 
the exact size and shape of the adapical 
portions of the internal lobes are not shown 
by any of the specimens in the collections 
we are studying. As in many cephalopods, 
the adoral camerae of fully mature indi- 
viduals are shorter than the preceding ones. 

Remarks.—All of the many specimens 
that we are placing in this species, regard- 
less of the locality from which they came, 
are preserved as limonitic internal molds. 
The only closely similar form that has been 
described previously is J. cherokeense Miller 
and Owen from the Lower Pennsylvanian of 
west-central Missouri. That species is, how- 
ever, readily distinguished by the fact that 
the distal end of the ventral lobe of its 
sutures is concave apicad rather than convex. 

Occurrence.—Finis shale about 43 miles 
east of Jacksboro in Jack County, Texas 
(pl. 32, figs. 3, 4; and text fig. 2). Also, ac- 
cording to Plummer and Scott this species 
occurs in the “shale at the bottom of the 
Graham formation,’’ that is, the Finis, in 
the Rock Island Railroad cut about 33 
miles southeast of Jacksboro. Furthermore, 
the collections available to us contain con- 
specific specimens from the Wayland shale 
member of the Graham formation at the 
following localities in north-central Texas: 
(1) about 5 miles north of Jacksboro (pl. 32, 
figs. 1, 2), (2) about 63 miles northwest of 
the same town and (3) an eighth of a mile 
north-northeast of the Weedon School in 
Brown County. According to Plummer and 
Scott the Wayland shale also yielded this 
species at the following two north-central 
Texas localities: (1) about 1} miles east of 
Caddo in Stephens County and (2) half a 
mile southwest of South Bend in Young 
County; and they stated (p. 351) that the 
“species is fairly abundantat mostammonite 
localities in the Graham formation.” Finally, 
the collections of the State University of 
Iowa contain many conspecific specimens 
from the Dry shale (just above the Dover 
limestone) of the Wabaunsee group at 
several localities near Piedmont in Green- 
wood County and particularly near Em- 
poria in Lyons County, Kansas; and one 
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crushed questionable representative of the 
species from the Nellie Bly formation about 
63 miles due west of Sand Springs, Tulsa 
County, Oklahoma. Altogether the species 
is, then, now known to occur in the Finis 
and Wayland shale members of the Graham 
formation of north-central Texas, the upper 
part of the Wabaunsee group of eastern 
Kansas, and probably the Skiatook group of 
northeastern Oklahoma. 

{After this discussion was written, Mr. 
John B. Carrier of The Superior Oil Com. 
pany sent us a pyritized representative of 
this species (S.U.I. 8023) from the Superior 
No. 33-18 Cogdill well in the Anadarko 
basin, NWi SE} NW3 sec. 18, T.8 N., R. 11 
W., Caddo County, Oklahoma. It came 
from a depth of 7210 feet in a sandstone and 
shale sequence which is believed to be the 
Niles “formation” (about lower Shawnee),| 

Repositories—U.S. National Museum 
(pl. 32, figs. 3, 4; and text fig. 2); State Uni- 
versity of Iowa, 3299 (pl. 32, figs. 1, 2), and 
numerous specimens from the Wayland 
shale of north-central Texas and the Dry 
shale of Kansas. The primary types are in 
the Plummer collection at the University of 
Texas. 


Genus GONIOLOBOCERAS Hyatt, 1900 


Genotype.—Gonitatites goniolobum Meek. 

This genus was established for a species 
known at the time from only a single speci- 
men obtained at some unrecorded horizon 
and locality in New Mexico. The holotype 
has unfortunately been lost, but hundreds of 
similar specimens have been collected; and 
the genus is now known to be a. fairly well 
defined biological unit which is of wide- 
spread occurrence in our Pennsylvanian 
strata and is probably represented also in 
the Carboniferous of northern Africa and 
possibly that of Middle Asia. 

From a study of the published data in re- 
gard to the original type and the African and 
Asiatic forms and an examination of several 
hundred specimens from various horizons 
and localities in the Pennsylvanian of this 
country, we have drawn up the following 
diagnosis of the genus: 

Conch subdiscoidal, attains a fairly large 
size; whorls strongly compressed, very 
slightly convex laterally, deeply impressed 
dorsally, and narrowly rounded ventrally— 
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at full maturity the median portion of the 
ventral zone is distinctly flattened. Um- 
bilicus small and inconspicuous but appar- 
ently not closed. Test thin and marked only 
by growth lines, each of whick forms 
rounded ventral and lateral sinuses and 
ventrolateral and prominent dorsolateral 
salients. Each suture consists of eight lobes 
and an equal number of saddies—all of the 
lobes but the ventral one (which is very 
large and bifid) are pointed, and all of the 
saddles but the first lateral one are rounded 
(see text fig. 3A). In North America Gonio- 
loboceras is known to be represented in New 
Mexico, Texas, Oklahoma, Kansas, Mis- 
souri, and Illinois; and stratigraphically it 
seems to range throughout most of our 
Pennsylvanian system. The African speci- 
mens which have been referred to this genus 
(Delépine, 1941, pp. 98-99) are from the 
lower Westphalian of the Djerada Basin of 
northeastern Morocco. The Asiatic ones 
(Librovitch, 1940, pp. 326-329) all came 
from the Karaganda coal district in northern 
Kazakhstan—the age of the Carboniferous 
beds which yielded them is uncertain, and 
so are their generic affinities. 

As is now generally recognized, the geno- 
type of Milleroceras Hyatt, 1900 (Goniatites 
parrishi Miller and Gurley of the Middle 
Pennsylvanian of Kansas City, Missouri) is 
not generically or even specifically distinct 
from typical Gonioloboceras. Both of these 
names were proposed by Hyatt (1900, pp. 
550, 551) on successive pages of the same 
publication. Although Milleroceras has page 
precedence, we are retaining Gontoloboceras 
because usage has probably established a 
preference for it. 

Gurleyoceras Miller, 1936, was proposed 
for Gonioloboceras-like forms with a retuse 
ventral zone, and Gontoloboceras welleri 
Smith of the Pennsylvanian of Texas and 
Illinois was designated as its genotype. Al- 
though Smith (1903, p. 125, pl. 21, fig. 4) 
indicated that in mature representatives of 
this species the ‘‘venter [is] narrow, angular, 
and slightly furrowed,’’ Plummer and Scott 
(1937, pp. 332, 336-337) and Elias (1938, 
p. 95) have shown that this is not the case; 
and most probably, as suggested by Plum- 
mer and Scott, Smith ‘“‘must have confused, 
Gonioloboceras welleri with a nonseptate 
specimen of Neodimorphoceras texanum 


(Smith) which occurs with it and is similar 
in outward appearance except for its grooved. 
venter.’”’ Gurleyoceras is therefore to be sup- 
pressed as a synonym of Gonioloboceras. 
Plummer and Scott then proposed the name 
Gonioglyphioceras for the ventrally grooved 
forms Miller had in mind and designated as 
its genotype Gonioloboceras welleri gracile 
Girty of the Wewoka formation of Okla- 
homa. This solution of the matter seems to 
us to be entirely satisfactory, but as Miller 
and Sturgeon (1946, p. 385) have pointed 
out, in some Wewoka specimens “‘the ventral 
furrow is largely, if not entirely, confined to 
the test, and not more than a trace of it is 
retained on the internal mold.” 

At least superficially, typical mature 
Gonioloboceras resembles adolescent stages 
of the genotype of Girtyoceras Wedekind, 
1918, Adelphoceras meslerianum Girty of 
the Caney shale of Oklahoma and beds pre- 
sumably of about the same age in Texas, 
Nevada, Montana, Kentucky, Georgia, and 
probably various localities in England and 
western Europe. However, those small rep- 
resentatives of that species bear prominent 
sinuous transverse constrictions (as does im- 
mature Gonioloboceras), and at full maturity 
the ventral zone of their conchs becomes 
angular. It should not be thought that 
Girtyoceras is ancestral to Gonioloboceras, 
which most probably evolved from Wiedeyo- 
ceras Miller, 1932, whose type _ species, 
Eumorphoceras sanctijohanis Wiedey, is 
from the lower Cherokee of central Iowa. 

The specimens from the Carboniferous of 
Kazakhstan that Librovitch referred to 
Gonioloboceras bear constrictions throughout 
ontogenetic development, and they may be 
more closely related to the genotype of 
Girtyoceras than to that of Gonioloboceras. 
However, the ventral zone of their conchs 
remains rounded throughout ontogenetic de- 
velopment, as in Gonioloboceras. Except in 
size, mature specimens of these Asiatic 
forms are very similar to late adolescent rep- 
resentatives of Girtyoceras and somewhat 
earlier stages of Gonioloboceras, and there- 
fore it seems likely that the beds which 
carry them are Lower (rather than Upper) 
Carboniferous in age. Only two fragments 
are known of the Moroccan form that has 
been referred to Gonioloboceras; but Delé- 
pine’s illustrations and description of it in- 
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dicate that he is correct in his belief that it 
is close to G. eliasi Miller and Owen of the 
Cherokee of Missouri, though its sutures 
seem to suggest that it may be a little more 
primitive—its age is stated to be lower 
Westphalian. 

In 1935, when Yin (p. 31) established 
Shuichengoceras, he regarded it as a sub- 
genus of Gonioloboceras. The only known 
species G. (S.) yoht Yin, of the Lower 
Permian? of central China, seems to be 
quite similar to typical representatives of 
Gonitoloboceras, but the “prongs” of the 
ventral lobe of its sutures are asymmet- 
rically bifid. In our opinion, this difference 
is of sufficient taxonomic value to separate 
the two generically, and as Miller and Owen 
(1939, p. 160) have suggested, Yin’s type 
species is “more or less intermediate be- 
tween typical Dimorphoceras and typical 
Neodimorphoceras.”’ 


GONIOLOBOCERAS GONIOLOBUM (Meek) 
Plate 31, figure 9; plate 32, figures 5-9 


Goniatites goniolobus MEEK, 1877, U. S. Geol. 
Explor. Fortieth Parallel (King), vol. 4, pp. 
98-99, pl. 9, figs. 5-5b; Apicu, 1878, Geol. 
Forsch. kaukasischen Lindern, Theil 1, pp. 
120-122, text fig. 7; KniGut, 1900, Wyoming 

a Wyoming Exp. Sta. Bull. 45, pl. 3 

= 

Goniatites sp.? KEyYEs, 1894, Missouri Geol. 
Survey, vol. 5, pl. 56, fig. 1. 

Gontatites parrishi MILLER and GurRLEy, 1896, 
Illinois State Mus. Nat. Hist. Bull. 11, p. 36, 
pl. 4, figs. 6-8. 

Milleroceras parrishi Hyatt, 1900, Zittel-East- 
man Text-book of palaeontology, vol. 1, p. 
550; SmitH, 1903, U. S. Geol. Survey Mon. 42, 
pp. 15, 127-128, 146, pl. 16, figs. 6-8; MILLER, 
1932, Jour. Paleontology, vol. 6, pp. 69-70, 
72-73, text fig. 1B, pl. 12, figs. 5-7; PLUMMER 
and Scott, 1937, Texas Univ. Bull. 3701, pp. 
328, 329-330, pl. 33, figs. 12, 13. 

Gonioloboceras goniolobum Hyatt, 1900, Zittel- 
Eastman Text-book of palaeontology, vol. 1, 
p. 551; SmitH, 1903, U. S. Geol. Survey Mon. 
42, pp. 123-124, 125, 146, pl. 4, figs. 1-3; 
GRABAU and SHIMER, 1910, North American 
index fossils, Invertebrates, vol. 2, p. 140; 
SMITH, 1913, Zittel-Eastman Text-book of 
paleontology, vol. 1, ed. 2, p. 631; GirtTy, 
1915, U. S. Geol. Survey Bull. 554, pp. 261, 
262; BosE, 1920, Am. Jour. Sci., 4th ser., vol. 
49, pp. 52, 54; ScumipT, 1929, Tierische 
Leitfossilien des Karbon, Giirichs Leitfossilien, 
Lief. 6, p. 75; SmitH, 1929, Am. Jour. Sci., 
5th ser., vol. 17, p. 67; SAYRE, 1930, Kansas 
Univ. Sci. Bull., vol. 19, pt. 2, pp. 82, 157, pl. 
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21, fig. 5; ——, 1931, idem, 17, pp. 82, 157, pl. 
21, fig. 5; MILLER, 1932, ‘Jour. Paleontology, 
vol. p. 76, text fig. iC; and CLINE 
1934, yA vol. 8, p. 176; Yin, 1935, Palaeont. 
Sinica, ser. B, vol. 11, fasc. 4, p. 30: ELIAs, 
1936, Internat. Geol. Cong., Rept. 16th sess, 
vol. 1, p. 694; PLUMMER and ScorTt, 1937, 
Texas Univ. Bull. 3701, pp. 33, 331, 333, 334, 
pl. 34, figs. 6-8; ELIAS, 1938, Jour. Paleon- 
tology, vol. 12, pp. 91, 93, 94, 96, 97, 98-99, 
100, text figs. 1L-1Ms, pl. ‘20, figs. 1-3b: 
MILLER and OwEN, 1939, idem, vol. 13, p. 
157; LiBRovITCH, 1940, U.S.S.R. Acad. Sci., 
Paleont. Inst., Paleontology of U. S. S.R,, 
vol. 4, pt. 9, fasc. 1, pp. 167, 168, 170, 173, 
174, 175, 176, 177, 182, 194, 216, 299, 300, 
304, 327, pl. 24, ‘figs. 2a-2c; SHIMER and 
SHROCK, 1944, Index fossils of North America, 
p. 571, pl. 234, figs. 24, 25. 

Gonioloboceras wellert SMITH, 1903, U. S. Geol. 
Survey Mon. 42, pp. 15, 16, 125- 126, 138, 146, 
pl. 20, figs. 9-11, pl. 21, figs. 1-6; GRABAU 
and SHIMER, 1910, North American index 
fossils, Invertebrates, vol. 2, p. 140, text figs. 
1392a-1392c; Girty, 1911, ‘New York Acad. 
Sci. Ann., vol. 21, p. 154; ——, 1915, U. &. 
Geol. Survey Bull. 544, pp. 262, 263, 264; 
BosE, 1920, Am. Jour. Sci., 4th ser., vol. 49, 
pp. 52, 53, 54; PLUMMER and Moore, 1922, 
Texas Univ. Bull. 2132, pp. 84, 120, 150, 220, 
pl. 25, fig. 7; SMITH, 1927. U. S. Geol. Survey 
Prof. Paper 141, pl. 20, figs. 1-3; ——, 1929, 
Am. Jour. Sci., 5th ser., vol. 17, p. 67; —- 
1932, U. S. Geol. Survey Prof. Paper 167, p. 
23, pl. 43, figs. 1-3; SELLARDs, 1932, Univ. 
Texas Bull. 3232, p. 114; Yin, 1935, Palaeont. 
Sinica, ser. B, vol. 11, fasc. 4, p. 30; Extas, 
1936, Internat. Geol. Cong., Rept. 16th sess., 
vol. 1, pp. 694, 695; PLUMMER, 1937, Am. 
Jour. Sci., 5th ser., vol. 33, p. 465; and 
Scott, 1937, Texas Univ. Bull. 3701, pp. 18, 
29, 30, 33, 326, 328, 330, 331-333, 334, 335, 
336, 337, 399, text fig. 88 (opp. p. 402), pl. 
33, figs. 10, 11, pl. 34, figs. 1-5; Extas, 1938, 
Jour. Paleontology, vol. 12, pp. 90, 91, 93, 
94-97, 98, 99, 100, text figs. 1A-1K, pl. 19, 
figs. 1-8c, pl. 20, figs. 6a, 6b; WILLIAMs, 1938, 
Texas Univ. Publ. 3801, pp. 169, 170, 180, 181, 
185, 188, 191, 225; MILLER and Owen, 1939, 
Jour. Paleontology, vol. 13, pp. 157, 158; 
Lisprovitcu, 1940, U. S. S. R. Acad. Sci., 
Paleont. Inst., Paleontology of U. S. S. R., 
vol. 4, pt. 9, fasc. 1, pp. 168, 170; DELEPINE, 
1941, 'Protect. l'Etat Francais Maroc, Direct. 
Gén. Trav. Pub., Div. Mines et Géol., Serv. 
Géol., Notes et Mém., no. 56, p. 99; MILLER 
and UNKLEsBAY, 1943, Jour. Paleontology, 
vol. 17, pp. 15-16, text figs. 5A, 9F, pl. 1, fig. 
4; SHIMER and SHRocK, 1944, Index fossils 
of North America, p. 573, pl. 234, figs. 22, 23. 

Gonioloboceras parrishi Girty, 1915, U. S. Geol. 
Survey Bull. 544, pp. 261-262; , 1915, 
Missouri Bur. Geol. and Mines, 2d ser., vol. 
13, p. 364; Sayre, 1930, Kansas Univ. Sci. 
Bull., vol. 19, pt. 2, p. 82; , 1931, Kansas 
Geol. Survey, vol. 17, p. 82; Yin, 1935, Palae- 
ont. Sinica, ser. B, vol. 11, fasc. 4, p. 30; 
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MILLER and Owen, 1939, Jour. Paleontology, 
vol. 13, p. 157. ; 

Gonioloboceras discoidale BésE, 1920, Am. Jour. 
Sci., 4th ser., vol. 49, pp. 52-54; Situ, 1929, 
Am. Jour. Sci., 5th ser., vol. 17, p. 67; L1BRo- 
vitcH, 1940, U. S. S. R. Acad. Sci., Paleont. 
Inst., Paleontology of U. S. S. R., vol. 4, pt. 
9, fasc. 1, pp. 167, 168. 

Gurleyoceras discoidale, MILLER, 1932, Jour. 
Paleontology, vol. 6, pp. 61, 75, 77-79, pl. 12, 
figs. 14-16. 

Gurleyoceras welleri MILLER, 1932, Jour. Paleon- 
tology, vol. 6, pp. 61, 76, 78. 

Milleroceras minusculum MULLER, 1932, Jour. 
Paleontology, vol. 6, pp. 70, 73-74, pl. 12, 
figs. 8-11. 

Wiedeyoceras nodomarginatum MILLER, 1932, 
Jour. Paleontology, vol. 6, pp. 80-82, 83, 
pl. 13, figs. 6-8. 

? Gonioloboceras sp. Scott and ARMSTRONG, 
1932, Texas Univ. Bull. 3224, p. 25; PLUMMER 
and Scott, 1937, Texas Univ. Bull. 3701, 

| A 

Gonioloboceras gracellenae MILLER and CLINE, 
1934, Jour. Paleontology, vol. 8, pp. 175-176, 
pl. 28, figs. 14-18; PLUMMER, 1937, Am. Jour. 
Sci., 5th ser., vol. 33, p. 464; and Scort, 
1937, Texas Univ. Bull. 3701, pp. 331, 333- 
334, 335, 336, 387, 388, 399, text fig. 88, pl. 
33, figs. 5-9; Liprovitcn, 1940, U. S. S. R. 
Acad. Sci., Paleont. Inst., Paleontology of 
U.S. S. R., vol. 4, pt. 9, fase. 1, pp. 169, 170 
171, 176, 182, 216, 300, 304, 327; Moore 
et al., 1944, Geol. Soc. America Bull., vol. 55, 
pp. 678, 698. 

Wiedeyoceras pingue MILLER and CLINE, 1934, 
Jour. Paleontology, vol. 8, pp. 178-179, pl. 
28, figs. 4-6; PLUMMER and Scott, 1937, Texas 
Univ. Bull. 3701, pp. 17, 18, 33, 177-178, 390, 
text fig. 88 (opp. p. 402), pl. 13, figs. 12-18. 

Gontoloboceras welleri gracile BULLARD and Cuy- 
LER, 1935, Texas Univ. Bull. 3501, p. 227. 

? Gonioloboceras bridgeportense PLUMMER and 
HorNBERGER, 1936, Texas Univ. Bull. 3534, 
p. 52 [nomen nudum]; PLUMMER and Scott, 
1937, Texas Univ. Bull. 3701, pp. 17, 33, 331, 
333, 334, 335-336, pl. 33, figs. 1-4; DELEPINE, 
1941, Protect. I’Etat Francais Maroc, Direct. 
Gén. Trav. Pub., Div. Mines et Géol., Serv. 
Géol., Notes et Mém., no. 56, p. 99. 

Gonioloboceras (Milleroceras) minusculum L1BRO- 
vitcH, 1940, U. S. S. R. Acad. Sci., Paleont. 
Inst., Paleontology of U. S. S. R., vol. 4, pt. 
9, fasc. 1, pp. 168, 169, 170, 171, 172, 189, 217, 
309, 327. 

Gonioloboceras (Milleroceras) parrishi LiBro- 
vitcH, 1940, U. S. S. R. Acad. Sci., Paleont. 
Inst., Paleontology of U. S. S. R., vol. 4, pt. 
9, fasc. 1, pp. 167, 168, 170, 189, 217, 310, 327. 

Anthracoceras multilineatum YOUNG, 1942, Jour. 
Paleontology, vol. 16, p. 125, pl. 20, fig. 13, 


Conch large and subdiscoidal. Phragma- 
cone attains a diameter of at least 80 mm., 
and fragments that seem to represent the 
living chamber indicate that it was at least 
a quarter of a volution in length and that 





the complete conch of large individuals was 
considerably more than 100 mm. in diam- 
eter. None of the many phragmacones 
available to us retains even a portion of the 
living chamber. The whorls are strongly 
compressed, rather narrowly rounded (but 
at full maturity medianly flattened) ven- 
trally, very broadly rounded laterally, and 
deeply impressed dorsally. The phragma- 
cone attained a maximum height of conch 
of at least 48 mm. and a corresponding maxi- 
mum width (just outside the umbilical 
shoulders) of some 24 mm. and depth of 
impressed zone of about 21 mm. The lateral 
zones converge ventrad. 

The umbilicus is small and inconspicuous 
but not closed. The umbilical shoulders are 
rounded and indefinite, and the umbilical 
walls are steep. 

The test is thin and at maturity is marked 
only by the growth lines. Each of them 
forms rounded ventral and lateral sinuses 
and ventrolateral and dorsolateral salients; 
the ventrolateral salients are much more 
prominent and more narrowly rounded than 
are the dorsolateral ones, and the latter are 
located outside the umbilical shoulders. 

During early ontogenetic development, at 
least the internal mold bears prominent 
transversely elongate umbilical nodes and 
sinuous transverse constrictions (pl. 31, 
fig. 9). Only a few early adolescent speci- 
mens from the Finis shale are available for 
study, and all of them but the one we are 
figuring is crushed. However, several au- 
thors have reported on many similar speci- 
mens from various horizons in the Upper 
Pennsylvanian of Texas, New Mexico, 
Oklahoma, and Kansas—some of these have 
been referred to Gonioloboceras and others to 
Wiedeyoceras. The collections at the State 
University of Iowa contain a great many 
small limonitic internal molds from the 
Wayland shale of Texas, the Nellie Bly for- 
mation of Oklahoma, and the Dry shale of 
Kansas; and they make it clear that the 
forms which in 1932 Miller called W. nodo- 
marginatum and those which in 1934 Miller 
and Cline and in 1937 Plummer and Scott 
termed W. pingye are in reality immature 
representatives of G. goniolobum. That is, 
some of the larger of these specimens show 
that both the nodes and the constrictions 
tend to cease abruptly at a diameter of 
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some 5 to 7 mm. (though faint ones may be 
formed somewhat orad of there), and then 
the sutures gradually assume the shape that 
has in the past been regarded as character- 
istic of Milleroceras, a generic term now 
known to have been proposed for late 
adolescent specimens of G. goniolobum. It 
should also be stated that the early volutions 
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tion of the conch and the structure of the 
siphuncle and the septal necks of specimens 
from the Finis shale were illustrated and 
described in detail by Miller and Unklesbay 
in 1943. Also, the early ontogenetic develop- 
ment of the sutures in this species was clari- 
fied by Elias in 1938. Inasmuch as both of 
these reports are readily available, it does 








A 


Fic. 3j—Diagrammatic representations of complete sutures of (A) Gontoloboceras goniolobum (Meek) 
and (B) Neodimorphoceras texanum (Smith), both X2. The former is based primarily on a specimen 
(S. U. I. 1054) from the Finis shale near Jacksboro, Texas, and it shows the shape of the suture 
where the conch is about 35 mm. high. The latter represents a suture where the conch is about 


30 mm. high, and it is based on a specimen (S. U. I. 


south of Jacksboro. 


of the conch are relatively wider than those 
formed after maturity had been attained. 

As shown by text figure 3A, each mature 
suture consists of a large prominently bifid 
ventral lobe and on either side of it a V- 
shaped but slightly sigmoidal subangular 
first lateral saddle, a somewhat similar acu- 
minate first lateral lobe, a small low broadly 
rounded second lateral saddle, a small de- 
pressed-V-shaped lobe centering on the 
umbilical wall, a low broadly rounded in- 
ternal second lateral saddle, a small narrow 
V-shaped acuminate internal lateral lobe, 
and a narrow U-shaped internal first lateral 
saddle which extends to the deep narrow 
V-shaped acuminate dorsal lobe. 

The nature of the extreme adapical por- 


1053) from the same shale about 33 miles 


not seem necessary or even desirable for us 
to duplicate them. 

Remarks.—Almost every author who has 
studied Gonioloboceras has expressed a dif- 
ferent opinion in regard to the relationships 
between the several species that have been 
proposed as representatives of it. The last is 
by Elias (1938, pp. 91-100), who concluded 
that Goniatites parrishi Miller and Gurley of 
the Kansas City group of west-central 
Missouri, Milleroceras minusculum Miller 
and Gonioloboceras discoidale Bése of the 
Upper Pennsylvanian of south-central New 
Mexico, and G. gracellenae Miller and Cline 
of the Nellie Bly formation of northeastern 
Oklahoma “‘are the young of G. gontolobum 
or G. welleri’’ and that those two species 
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“are so Closely related that even their spe- 
cific separation may be questioned.’’ After 
comparing and contrasting several hundred 
specimens from various horizons and locali- 
ties in the Pennsylvanian of New Mexico, 
Texas, Oklahoma, Kansas, and Missouri, we 
have come to very similar conclusions, and 
furthermore we do not think that even G. 
goniolobum (Meek) and G. welleri Smith can 
be differentiated. That is, we believe that 
the single specimen (now lost) from some 
unrecorded horizon and locality in New 
Mexico on which Meek based G. goniolobum 
was somewhat worn ventrolaterally and/or 
that the published drawings of it are not ac- 
curate in detail; and that the differences be- 
tween it and the type specimens of the sub- 
sequently proposed species listed above are 
more apparent than real and are due largely 
to preservation, interpretation, and the on- 
togenetic stage of development represented. 
It should perhaps be noted that none of the 
hundreds of specimens of Gonioloboceras now 
known have sutures exactly like those shown 
by Meek. 

A few other forms have also been referred 
to Gonioloboceras. G. bridgeportense Plummer 
and Scott of the Graford formation 
(Canyon) of north-central Texas is probably 
also to be suppressed as a synonym of G. 
goniolobum, but we have not made a critical 
study of its type specimens and are there- 
fore uncertain in regard to their specific 
affinities. A direct comparison of the types 
of G. eliasi Miller and Owen of the Cherokee 
of west-central Missouri with many speci- 
mens from Middle and Upper Pennsyl- 
vanian horizons makes it clear that the 
Lower Pennsylvanian individuals are more 
primitive in that the lobes and saddles of 
their sutures are not as sharply pointed— 
nevertheless, G. eliasi and G. goniolobum are 
closely related. The three poorly preserved 
specimens from the Lower Pennsylvanian of 
south-central Oklahoma which Miller and 
Owen (1944, pp. 418, 428, pl. 67, figs. 1-3) 
doubtfully referred to Gonioloboceras leave 
much to be desired, and we doubt that all 
of them are congeneric with each other or 
with the genotype of Gonitoloboceras. 
Furthermore, as stated above, the species 
from the Carboniferous of Middle Asia 
which Librovitch referred to this genus are 
probably not closely related to the forms 


under consideration; but those described by 
Delépine from the lower Westphalian of 
Morocco seem to be very similar to G. eliasi, 
but possibly they are a little more primitive. 

In conclusion, we believe that (with the 
possible exception of the type specimens of 
G. bridgeportense) all of the representatives 
of Gonioloboceras known from the Middle 
and Upper Pennsylvanian are conspecific 
and should be referred to Gonioloboceras 
goniolobum, the genotype. The only other 
forms that are definitely known to be con- 
generic are the types of G. eliasi, a closely 
related but somewhat more primitive 
species of the Lower Pennsylvanian How- 
ever, the two specimens that Delépine re- 
cently reported from the lower Westphalian 
of Morocco are probably also referable to 
this genus. 

Occurrence.—This species is known to be 
of widespread occurrence in the south- 
western and midwestern portions of the 
United States and to have a long strati- 
graphic range in our Middle and Upper 
Pennsylvanian series. It has been found in 
New Mexico, Texas, Oklahoma, Kansas, 
Missouri, and Illinois. Stratigraphically it 
ranges at least from the Westerville lime- 
stone of the Kansas City group to almost 
the top of the Pennsylvanian system (Dry 
shale just above the Dover limestone). 
Plummer and Moore (1922, pp. 83, 84, 220) 
and Plummer and Scott (1937, p. 17) in- 
dicated that the species may be represented 
in the Mineral Wells formation of north- 
central Texas; we have not studied any 
specimens from there, but Plummer and 
Scott’s statement (1937, p. 327) suggests 
that it may be Gonioglyphioceras rather than 
Gontoloboceras that is represented in the 
Mineral Wells. 

In the Finis shale of north-central Texas, 
Gonioloboceras goniolobum is perhaps the 
most abundant ammonoid species, and the 
collections that we are studying contain 
many representatives of it from that shale 
at the following localities, all in Jack 
County: (1) about 6} miles northeast of 
Jacksboro on the north side of the Jacks- 
boro-Bridgeport road; (2) on the Ramzy and 
Riley ranches about 3} miles east of Jacks- 
boro, where specimens are abundant; and 
(3) in a cut along the Rock Island Railroad 
just east of the viaduct on the Mineral 
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Wells-Jacksboro highway about 3} miles 
southeast of Jacksboro. 

Repositories State University of Iowa, 
1054 (text fig. 3A), 13809 (pl. 32, figs. 5, 6); 
and private collections of Robert J. Stark of 
Grapevine, Texas (pl. 31, fig. 9) and James 
P. Conlin of Ft. Worth, 3663 (pl. 32, fig. 9), 
3681 (pl. 32, figs. 7, 8). Many additional 
specimens from the Finis shale are present 
in these collections, in those at The Uni- 
versity of Texas, and in the private collec- 
tions of Ralph H. King of Wichita Falls 
(Texas), and Merrill A. Stainbrook of 
Brandon (Iowa). The great majority of the 
numerous specimens at the State University 
of Iowa were collected by L. M. Cline, John 
Britts Owen, the J. H. Renfros, R. C. 
Spivey, Robert J. Stark and son, and the 
writers. 


Genus NEODIMORPHOCERAS Schmidt, 1925 


Genotype.—Dimor phoceras texanum Smith. 

Although this genus is more or less grada- 
tional with Dimorphoceras Hyatt, 1884, both 
should be recognized. The type species of 
the latter, Gontatites gilbertsoni Phillips of 
the Viséan of England and Belgium, has a 
rounded rather than a grooved ventral zone, 
and at least its external sutures are rela- 
tively primitive in that the subdivisions of 
the ventral lobe are less nearly distinct and 
the first lateral saddles and lobes are 
rounded rather than pointed and are not 
sigmoidal. In the genotype and only known 
representative of Shuichengoceras Yin, 1935, 
Gonioloboceras (S.) yohi Yin of the Lower 
Permian? of central China, the conch is 
narrowly rounded but not grooved ventrally, 
the ‘‘prongs”’ of the ventral lobe of the su- 
tures are asymmetrically bifid and the first 
lateral saddles and lateral lobes of the ex- 
ternal sutures are pointed—this genus can 
therefore be said to combine some of the 
characters of Dimorphoceras with some of 
those of Neodimorphoceras, but to be dis- 
tinct from both. In 1927 Smith recognized 
that his species Dimorphoceras texanum is 
not very similar to typical Dimorphoceras, 
and he proposed the generic name Tevxites 
for it; but ‘“‘while his paper was in press he 
was anticipated by Schmidt”’ (Smith, 1932, 
p. 23), who established the name Neodi- 
morphoceras for the same species. 
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Insofar as we have been able to ascertain, 
only the following species have been re. 
ferred to Neodimorphoceras: Dimorphoceras 
texanum Smith and N. plummerae Plummer 
and Scott of the Upper Pennsylvanian 
Graham formation of north-central Texas, 
D. lenticulare Girty and D. oklahomae Girty 
of the Middle Pennsylvanian Wewoka for- 
mation of central Oklahoma, N. hawkinsj 
Moore of the Bowland shale (Middle Car- 
boniferous) of England, N. sp. of Schinde- 
wolf (1934, pp. 166-167, pl. 6, fig. 4) of the 
Namurian (Middle Carboniferous) of Me. 
norca, and N. aff. N. lenticulare Ruzhencev 
(1936, p. 484) of the upper Uralian (late 
Upper Carboniferous) of the southern 
Urals. The Russian form does not seem to 
have been illustrated or described, but at 
least all of the others appear to be similar 
enough to the genotype to be regarded as 
congeneric with it, and we do not think that 
N. plummerae is even specifically distinct. 
In fragmentary specimens of N. hawkinsi 
that are available to us, the first lateral 
saddles of the external sutures are narrowly 
rounded, as in Dimorphoceras, but Moore 
(1930, p. 168, text fig. 1) indicated that in 
the holotype those saddles are pointed, as 
are the first lateral lobes and the subdivi- 
sions of the ventral lobe. 


NEODIMORPHOCERAS TEXANUM (Smith) 
Plate 32, figures 10, 11; plate 33, figures 1-13 


Dimorphoceras texcanum SmitH, 1903, U. S. Geol. 
Survey Mon. 42, pp. 16, 126-127, 138, 146, 
pl. 20, figs. 12-15; Girty, 1915, U. S. Geol. 
Survey Bull. 544, pp. 260, 261; PLUMMER and 
Moore, 1922, Texas Univ. Bull. 2132, pp. 84, 
145, 146, 150, pl. 25, fig. 6; WrLLiaMs, 1938, 
Texas Univ. Publ. 3801, pp. 169, 170, 185, 
188, 191, 225. 

Neodimorphoceras texanum ScumiptT, 1925, 
Preuss. geol. Landesanst. Jahrb. f. 1924, Bd. 
45, pp. 512, 600; , 1929, Tierische Leit- 
fossilien des Karbon, Giirichs Leitfossilien, 
Lief, 6, pp. 74-75, 105, pl. 20, figs. 1-3; Smitu, 
1929, Am. Jour. Sci., 5th ser., vol. 17, p. 67; 
——, 1932, U.S. Geol. Survey Prof. Paper 167, 
p. 23, pl. 43, figs. 4-7; ScHINDEWOLF, 1934, 
Gottingen Gesell. Wissensch., Abh., math.- 
physik. KI., Folge 3, Heft 10, pp. 164, 166, 
167; PLUMMER, 1937, Am. Jour. Sci., 5th ser., 
vol. 33, p. 465; and Scott, 1937, Texas 
Univ. Bull. 3701, pp. 18, 30, 33, 332, 341, 
342-343, 344, 345, 346, 347, 399, text fig. 88 
(opp. p. 402), pl. 35, figs. 5-8; MILLER and 
UNKLEsSBAY, 1943, Jour. Paleontology, vol. 
17, p. 19, text fig. 9E; SHIMER and SHROCK, 
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1944, Index fossils of North America, p. 575, 


pl. 236, figs. 5, 6. 
Texites texanus, SMITH, 1927, U. S. Geol. Survey 
Prof. Paper 141, pl. 20, figs. 4-7. 
Neodimorphoceras plummerae, PLUMMER and 
Scott, 1937, Texas Univ. Bull. 3701, pp. 342, 
343-345, text fig. 88 (opp. p. 402), pl. 35, figs. 
1-4. 


The general physiognomy of the conch of 
this species is shown by the accompanying 
illustrations. The phragmacone, which is re- 
latively narrower at maturity than during 
adolescence, attains a maximum diameter of 
at least 75 mm. and a corresponding height 
and width of conch of about 42 mm. and 23 
mm., respectively. None of the numerous 
phragmacones in the collections we are 
studying retains even a portion of the living 
chamber, but fragments of that chamber in- 
dicate that it was large and probably long. 

The umbilicus, though never perforate, is 
open during adolescence (pl. 33, figs. 10, 11), 
but at full maturity it is small, inconspicu- 
ous, and most probably closed (pl. 32, 
fig. 11). 

The growth lines form ventral and lateral 
sinuses and dorsolateral and prominent 
ventrolateral salients. The sinuosity be- 
comes progressively greater throughout on- 
togenetic development, and also relatively 
finer and more numerous. On well pre- 
served early mature testiferous specimens, 
like that illustrated by figures 3 and 4 on 
plate 33, fine longitudinal lines can also be 
discerned on the surface of the test. These 
are particularly evident along a narrow 
ventral zone which very gradually becomes 
flattened and then develops into a groove 
which can be recognized in some conchs 15 
mm. or less high and which was retained 
throughout ontogenetic development. This 
groove is present on both the exterior of the 
test and the internal mold, but its develop- 
ment and/or preservation seem to have been 
somewhat variable, for we have two internal 
molds in which the conch attains a height of 
about 30 mm. before it can be discerned. 

Some small limonitic internal molds, 
from a shale a little younger than the Finis 
but nevertheless part of the same forma- 
tion, that is, the Wayland shale, clearly 
show the early growth stages of the conch 
(pl. 33, figs. 8-13). These indicate that at a 
diameter of some 3 mm. each external 
suture (text fig. 4A) consists of a large sub- 


divided ventral lobe and on either side of it 
two rounded saddles and one rounded lobe. 
In the next suture (text fig. 4B; pl. 33, fig. 9) 
slight salients are developed on the ventral 
side of both of the major subdivisions of the 
ventral lobe. In the following suture (text 
fig. 4C; pl. 33, fig. 9), these become much 
more prominent. Slightly larger specimens 
(text fig. 4D; pl. 33, figs. 11-13 and 1, 2) 
show that these salients gradually develop 
into prominent subdivisions of the ventral 
lobe and that meanwhile the first lateral 
saddles and the first lateral lobes of the ex- 
ternal sutures become pointed. The shape 
of both the external and the internal su- 
tures of a large fully mature individual is 
portrayed by text figure 3B. 
Remarks——The many specimens avail- 
able to us make it clear that the minute dif- 
ferences on which Plummer and Scott relied 
to distinguish N. texanum and their species 
N. plummerae are more apparent than real 
and are due to preservation, interpretation, 
and ontogenetic stage represented. WN. 
lenticulare Girty and N. oklahomae Girty of 
the Wewoka formation of Oklahoma have 
a narrowly rounded rather than a grooved 
ventral zone and possibly their sutures 
may be a little less advanced. Neverthe- 
less, all three of these species are closely 
similar. We have not seen the Wewoka 
specimens which Morgan (1924, p. 100, pl. 
51, fig. 6) referred to ‘‘Dimorphoceras”’ 
texanum, but at least the figured one prob- 
ably belongs in N. oklahomae, a species which 
according to Morgan (1924, p. 118) occurs 
in the Francis as well as the Wewoka for- 
mation. It should, however, be noted that 
Smith (1929, p. 67) listed N. texanum with 
question from the Wewoka. 
Occurrence.—This species is definitely 
known from only the Graham formation of 
north-central Texas, where it is fairly abun- 
dant in two members, the Finis shale and 
the somewhat younger Wayland shale. 
We have specimens from the Finis at the 
following localities, all in Jack County, 
Texas: (1) about 63 miles northeast of 
Jacksboro on the north side of the Jacks- 
boro-Bridgeport, road; (2) on the Ramzy 
and Riley ranches about 3} miles east of 
Jacksboro, where specimens are fairly 
abundant; and (3) in a cut along the Rock 
Island Railroad just east of the viaduct on 
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the Mineral Wells-Jacksboro highway about 
3 miles southeast of Jacksboro. 
Repositories—State University of lowa, 
1053 (text fig. 3B), 13828 (pl. 33, figs. 8-13), 
13829 (pl. 32, figs. 10, 11); and private col- 
lection of James P. Conlin of Ft. Worth, 
3537 (pl. 33, figs. 5-7), 3547 (pl. 33, figs. 3, 
4), 3549 (pl. 33, figs. 1, 2). Many additional 
specimens from the Finis shale are present 











Genus EOASIANITES Ruzhencev, 1933 


Genotype.—Eoastanites 
zhencev. 

Miller and Furnish (1940, pp. 77-78) 
have summarized the available data in re- 
gard to this genus, and we are not able to 
add significantly to their discussion. Three 
species occur in the Finis shale, where two 
are abundant and the other is not rare. All| 


subhanieli Ru- 


Fic. 4—Diagrammatic representations of external sutures of Neodimorphoceras texanum (Smith) dur- 
ing ontogenetic development. A=C portray the three successive sutures immediately apicad of the 
septum which forms the adoral margin of the specimen illustrated by figures 8-10 on plate 33, all 
X25. D is based on a suture near the mid-length of the adoral half-volution of the specimen 
illustrated by figures 1, 2 on the same plate, X8¢. 


in both of these collections, in those at the 
University of Texas, and in the private 
collections of Ralph H. King of Wichita 
Falls, Texas, and Merrill A. Stainbrook of 
Brandon, Iowa. 


three are illustrated on plate 31 and are 
discussed in the following paragraphs. 
Representatives of this genus are both abun- 
dant and widespread in the Pennsylvanian 
strata. They show so much _ individual 
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variation that it is difficult to delimit 
species precisely, and these are therefore 
customarily allowed considerable latitude, 
as a matter of expediency. 


EOASIANITES ANGULOUMBILICATUS 
(Plummer and Scott) 
Plate 31, figures 7, 8 

? Gastrioceras sp. SCOTT and ARMSTRONG, 1932, 
Texas Univ. Bull. 3224, p. 39. 

Glaphyrites anguloumbilicatus PLUMMER and 
Scott, 1937, Texas Univ. Bull. 3701, pp. 17, 
33, 264, 271-273, 278, text fig. 88 (opp. p. 
402), pl. 15, fig. 9, pl. 17, figs. 14-20. 

By far the most abundant representative 
of Eoasianites in the Finis shale is a form 


Aa 








in diameter, but some specimens show that 
the conch attained a diameter of at least 45 
mm. The living chamber was almost a full 
volution (or more) in length. The diameter 
of the umbilicus is equal to only a little less 
than a third of that of the specimen. The 
umbilical shoulders are subangular, and the 
umbilical walls, though very slightly convex, 
are steep. 

The test is thin and its surface bears 
numerous fine transverse growth lines, 
which form a very slight ventral sinus and 
on either side of it similar but narrower 
lateral salients. The internal mold and 
probably to a less extent the surface of the 
test is marked by transverse constrictions 


es 


Fic. 5—Diagrammatic representations of mature external sutures of (A) Eoasianites anguloumbili- 
catus (Plummer and Scott) and (B) E. modestus (Bose) X83 and X4}, respectively. The first is based 
on the adoral suture of the specimen represented by figures 7, 8 on plate 31, where the conch is some 
15 mm. in diameter; and the last portrays the adoral suture of the specimen represented by figures 
13, 14 on the same plate, at a diameter of about 34 mm. 


that seems to come well within the limits 
of E. anguloumbilicatus, as defined by 
Plummer and Scott. The specimen that we 
are illustrating is essentially complete, but 
otherwise it is typical of those in the collec- 
tions we are studying. It is about 29 mm. 


which are parallel to the growth lines; 
these are not particularly prominent and 
become obsolete, during late ontogenetic 
development. Text figure 5A shows the 
shape of the external sutures. 
Remarks.—The umbilicus of this form 
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serves to differentiate it readily from the 
two congeneric species which occur in direct 
association with it in the Finis shale. 

Occurrence.—In the Finis shale this spe- 
cies is known to occur at the following locali- 
ties, all in Jack County: (1) 4 miles east- 
northeast of Jacksboro (figured specimen), 
(2) Ramzy and Riley ranches about 33 
miles east of the same town (24 specimens), 
and (3) the Rock Island Railroad cut about 
34 miles southeast of Jacksboro (4 speci- 
mens). This species is also abundant in the 
Graford formation of the Canyon group in 
north-central Texas, which yielded the syn- 
types. 





physiognomy but are much larger and hay; 
sutures in which the lobes are more attenu- 
ate. The best of these is figured. It is com- 
pletely septate and therefore represents only 
phragmacone. Its maximum diameter meas- 
ures about 26 mm., and near its adoral end 
its conch is about 10 mm. high and is estj- 
mated to have had a corresponding width of 
some 25 mm. The umbilicus is large and 
open and that of the figured specimen has a 
maximum diameter of about 16 mm. The 
surface of the internal mold bears moder- 
ately prominent transverse constrictions 
which form broad rounded salients as they 
cross the external or ventral portion of the 


4 





Fic. 6—Diagrammatic representation of a complete suture of Eoasianites millsi (Miller and Cline)? 
X54. This drawing is a composite figure with calculated proportions, and it illustrates the shape of 
the sutures where the conch is about 23 mm. in diameter. 


Repositories —State University of Iowa, 
1057, 1070 (figured specimen), 13798; and 
the private collections of James P. Conlin 
of Ft. Worth (Texas), Ralph H. King of 
Wichita Falls (Texas), Robert J. Stark of 
Grapevine (Texas), and Merrill A. Stain- 
brook of Brandon (Iowa). 


EOASIANITES MILLSI Miller and Cline? 
Plate 31, figures 10-12 


? Gastrioceras sp. B. PLUMMER and Moore, 1922, 
Texas Univ. Bull. 2132, p. 145; Scott and 
ARMSTRONG, 1932, Texas Univ. Bull. 3224, 
p. 39. 

? Gastrioceras millsi MILLER and CLINE, 1934, 
Jour. Paleontology, vol. 8, pp. 177-178, pl. 
28, figs. 7-9. 

? Glaphyrites millsi PLUMMER and Scott, 1937, 
Texas Univ. Bull. 3701, pp. 33, 264, 273-274, 
276, 387, text fig. 88 (opp. p. 402), pl. 16, figs. 
10-13. 

? Gastrioceras angulatum WILLIAMS, 1938, Texas 
Univ. Publ. 3801, pp. 185, 225. 


James P. Conlin of Fort Worth loaned us 
seven specimens from the Finis shale that 
resemble the holotype of E. miilsi in general 


conch. On the adapical portion of the outer 
volution of the specimen we are illustrating, 
there is a trace of reticulate ornamentation, 
which may represent the ‘‘runzelschicht.” 
The shape of both the internal and the ex- 
ternal sutures is shown by text figure 6. 
Remarks.—We are uncertain as to the re- 
lationship of the specimens under considera- 
tion with the holotype of E. millsi. That 
individual is only about 53 mm. in diameter, 
but all except possibly its extreme adoral 
portion is septate. Furthermore, its general 
physiognomy and particularly the fact that 
its camerae are long suggest that it repre- 
sents only the immature portion of a conch. 
All in all, its similarities to Finis shale speci- 
mens seem to us to be more significant than 
its differences. Therefore we are tentatively 
regarding our specimens as_ conspecific 
with it, but in order to call attention to 
our uncertainty we are using an interroga- 
tion point. E. angulatus (Girty) of the 
Wewoka formation of Oklahoma and pos- 
sibly the Canyon group of north-central 
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Texas is similar, but the relative size of the 
lobes in its external sutures is considerably 
different. 

Occurrence.—Finis shale on Riley ranch 
about 34 miles east of Jacksboro, Jack 
County, Texas. The holotype came from 
the Nellie Bly formation about 6} miles due 
west of Sand Springs, Tulsa County, 
Oklahoma. Plummer and Scott indicated 
that specimens which they regarded as 
“typical” of Miller and Cline’s species 
occur in the Wayland shale at several locali- 
ties in north-central Texas. 

Repositories.—Private collection of James 
P. Conlin of Ft. Worth (all seven of the 
specimens from the Finis shale). The holo- 
type is at the State University of Iowa, 
where its catalogue number is 635. The speci- 
mens studied by Plummer and Scott are at 
The University of Texas. 


EOASIANITES MODESTUS (Bése) 
Plate 31, figures 13, 14 


Gastrioceras modestum BOsE, 1919, Texas Univ: 
Bull. 1762, pp. 17, 36, 37, 83-85, pl. 2, figs: 
4-27; SmitH, 1929, Am. Jour. Sci., 5th ser., 
vol. 17, p. 67; WiLLtaMs, 1938, Texas Univ. 
Publ. 3801, pp. 188, 191, 225. 

? Gastrioceras subcavum SmitH, 1929, Am. Jour. 
Sci., 5th ser., vol. 17, p. 67 

? Gastrioceras sp. Scott and ARMSTRONG, 1932, 
Texas Univ. Bull. 3224, p. 39. 

Glaphyrites modestus RUZHENCEV, 1936, Prob. 
a Geol., tom 6, no. 12, pp. 1081, 1082, 
1087. 

Glaphyrites kansasensis [part] PLUMMER and 
Scott, 1937, Texas Univ. Bull. 3701, pp. 17, 
22, 30, 32, 33, 264, 266, 267, 274-276, 278, 283, 
285, 387, 388, 389, 390, text fig. 88 (opp. p. 
402), pl. 17, figs. 1-13. 

Paragastrioceras deciense [part] PLUMMER and 
Scott, 1937, Texas Univ. Bull. 3701, only p. 
226 [not pl. 24, fig. 16]. 

? Preshumardites gaptankensis [part] PLUMMER 
and Scott, 1937, Texas Univ. Bull. 3701, pp. 
22, 34, 288, 289, 291-292, text fig. 88 (opp. p. 
402), pl. 24, fig. 6 [not 4, 5]. 

Eoasianites modestus MILLER and FurnIsH, 1940, 
Geol. Soc. America Spec. Paper 26, pp. 13, 15, 
20, 78, 79, 80-81, pl. 12, figs. 5-9 [probably not 
4]; pl. 13, fig. 7. 


The Finis shale carries a good many rep- 
resentatives of Eoasianites that seem to be 
referable to E. modestus, as redefined by 
Miller and Furnish in 1940. The specimen 
we are figuring is a little larger than the 
average of those in the collections under 
consideration. Its maximum diameter meas- 
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ures about 35 mm., near its adoral end its 
conch is about 14 mm. high and 24 mm. 
wide, and its umbilicus attains a diameter 
of about 14 mm. Fragments from the same 
horizon and locality indicate that the phrag- 
macone attained dimensions at least 25 
per cent greater than those of the figured 
individual. 

At least the internal mold in this species 
bears transverse constrictions which form 
low broadly ‘rounded ventral salients. Also, 
well preserved specimens bear traces of the 
increments of growth, and they are parallel 
to the constrictions. The shape of the ex- 
ternal sutures is shown by text figure 5B. 
As in other representatives of this genus, 
the internal sutures consist of three lobes 
and four saddles, but the precise shape of 
these inflections was not ascertained al- 
though the internal saddles are all rounded. 

Remarks.—We are referring to this spe- 
cies 11 specimens from the Finis shale. 
They show a certain amount of variation 
particularly with respect to the relative 
height and width of the conch and the di- 
ameter of the umbilicus, but such vari- 
ability seems to be the rule in species of this 
genus. 

As has been noted previously by other 
authors, E. kansasensis (Miller and Gurley) 
and E. gaptankensis (Miller) resemble this 
species in general physiognomy, and all may 
be conspecific. However, in both of those 
forms the ventral lobe of the sutures seems 
to be relative large, the taxonomic signifi- 
cance of which is questionable. Furthermore, 
the private collection of R. J. Stark contains 
one small immature specimen from the Finis 
in which the ventral lobe of the sutures is 
large. 

Occurrence——As now interpreted, this 
species is of rather widespread occurrence in 
the Upper Pennsylvanian and Lower Per- 
mian of north-central and west Texas. All of 
the specimens that we have from the Finis 
shale came from the Ramzy and Riley 
ranches about 3} miles east of Jacksboro, 
Jack County, Texas. 

Repositories.—State University of Iowa, 
1058; and private collections of James P. 
Conlin of Ft. Worth (3707—figured speci- 
men), R. J. Stark of Grapevine (Texas), 
and Merrill A. Stainbrook of Brandon 
(Iowa). 
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Genus SCHISTOCERAS Hyatt, 1884 


Genotype.—Gontatites missourtensis Miller 
and Faber. 

Miller and Furnish (1940, pp. 537-539) 
have published a detailed analysis of this 
genus based on a study of numerous speci- 
mens from many horizons and localities in the 
Middle and Upper portions of our Penn- 
sylvanian system. They showed that, con- 
trary to the prevailing beliefs at the time, 
all of the representatives of the genus known 
from America are referable to only two spe- 
cies, S. hildrethi (Morton) and S. missouri- 
ense (Miller and Faber). There is even grada- 
tion between these two, but the extremes 
within the group are believed to be worthy 
of specific recognition. S. hildrethi is charac- 
terized by a large umbilicus, nodose umbili- 
cal shoulders during early maturity, and 
relatively prominent reticulate ornamenta- 
tion; whereas in S. missouriense the umbili- 
cus is relatively small, during early maturity 
the umbilical shoulders are smooth (or 
nearly so), and the ornamentation of the 
test is relatively fine and inconspicuous. 
All of the representatives of this genus that 
have been described and/or illustrated 
came from the Pennsylvanian (and possibly 
the Lower Permian) of the United States, 
but Ruzhencev (1945, p. 289) has listed the 
genus as occurring in the Orenburgian of 
the southern Urals. 


SCHISTOCERAS HILDRETHI (Morton) 
Plate 35, figure 3 


This species as defined and synonymized 
by Miller and Furnish (1940, pp. 539-540) 
is rare in the Finis shale, and the collec- 
tions that we are studying contain only 
fragments of it. The one that we are illus- 
trating has a moderately large umbilicus and 
prominently nodose umbilical shoulders, 
except in its extreme adoral portion. Frag- 
ments, representing only a few camerae, 
show that in some individuals the whorls 
are relatively low and broad and the um- 
bilicus is larger. As might be expected, a 
study of this rather inconsequential material 
has not enabled us to add to the existing 
knowledge of the species. 

Prehoffmannia milleri Plummer and Scott 
was based on a single ‘minute... dis- 
coidal, compressed, widely umbilicate, 
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strongly ribbed, non-septate’’ specimen, 
which may be an immature representative of 
this species. It came from the “base of the 
Graham formation 1} miles east of Caddo, 
Stephens County,” Texas. 
Occurrence-—We have only four speci- 
mens that we are referring to this species, 
and all of them came from about 33 miles 
east of Jacksboro, Jack County, Texas, 
However, the species is known to be of 
widespread occurrence in the upper half of 
the Pennsylvanian system and to be repre- 


sented in Pennsylvania, Ohio, Illinois, 
Missouri, Kansas, Oklahoma, and _ both 
north-central and west Texas. In north- 


central Texas it ranges stratigraphically 
from the upper part of the Strawn well up 
into the Cisco (upper Graham). 

Repository.—Private Collection of James 
P. Conlin of Ft. Worth, 3654 (illustrated 
specimen), 3655-3657. 


SCHISTOCERAS MISSOURIENSE (Miller and 
Faber) 
Plate 34, figures 7-9 


Although the collections under considera- 
tion contain more than 100 representatives 
of this species from the Finis shale, we are 
unable to add significantly to the diagnosis 
and the synonymy that was published by 
Miller and Furnish (1940, pp. 540-541). 
With the exception of Gonioloboceras gonio- 
lobum (Meek), S. missouriense is the most 
abundant ammonoid in the Finis. Further- 
more representatives of it are large and 
therefore conspicuous, and some of them 
show that the phragmacone attained a 
diameter of at least 88 mm. Testiferous indi- 
viduals bear relatively fine reticulate orna- 
mentation, and when slightly worn retain 
only the longitudinal lirae. 

Occurrence.—Altogether we have repre- 
sentatives of this species from the Finis 
shale atthe following localities, all in 
Jack County, Texas: (1) about 4 miles east- 
northeast of Jacksboro (2 specimens), (2) 
the Ramzy and Riley ranches some 3} 
miles east of the same town (99 specimens), 
and (3) the Rock Island Railroad cut about 

3 miles southeast of Jacksboro (5 speci- 
mens). Furthermore, the species is known 
to be of widespread occurrence in the upper 
half of our Pennsylvanian system and to be 
represented in Pennsylvania, Ohio, Illi- 
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nois, Missouri, Kansas, Oklahoma, and 
both north-central and west Texas. In 
north-central Texas it has been found to 
range stratigraphically from the upper part 
of the Canyon to well up into the Cisco 
(upper Graham) and possibly into the Lower 
Permian (Belle Plaine). 

Repositories.—State University of Iowa, 
1059 (pl. 34, figs. 7, 8), 1060; and private 
collections of James P. Conlin of Ft. Worth 
(Texas) [pl. 34, fig. 9; and a great many 
unfigured specimens], Ralph H. King of 
Wichita Falls (Texas) and Merrill A. Stain- 
brook of Brandon (Iowa). 


Genus EOTHALASSOCERAS Miller and 
Furnish, 1940 


Genotype.—Prothalassoceras 
Miller and Owen. 

Since this genus was established addi- 
tional data in regard to it have become 
available. As explained in the discussion of 
E. caddoense (Plummer and Scott), we are 
placing in that species all of the representa- 
tives of the genus known from north-central 
Texas, and we believe that they are specifi- 
cally distinct from the congeneric forms that 
have been described from west Texas. 

The numerous specimens from various 
horizons and localities that are now avail- 
able to us indicate that, at least as far as 
internal molds are concerned, the presence 
or absence of longitudinal ventrolateral 
grooves (like the smaller details of the dentic- 
ulations of the lobes of the external sutures) 
is largely a matter of preservation. There- 
fore, contrary to the opinion expressed by 
Miller and Furnish, this feature can prob- 
ably not be used to distinguish the two 
forms from the upper part of the Gaptank 
formation of west Texas for which names 
have been proposed, E. keytet (Smith) and 
E. kingorum (Miller), and it is very doubtful 
if both of these should be retained—the 
former has priority. E. inexpectans (Miller 
and Owen) of the Middle Pennsylvanian of 
Oklahoma is a third valid species of this 
genus. Therefore, all of the known American 
representatives of this genus are probably 
referable to three species. One of these is 
characteristic of the Middle Pennsylvanian 
of Oklahoma, another of the Upper Pennsyl- 
vanian of north-central Texas, and the third 
of the Upper Pennsylvanian of west Texas. 


inex pectans 


Aristoceras chakalovi Ruzhencev of the 
Upper Carboniferous of the Ural region is 
very close to E. caddoense. It is the genotype 
of Aristoceras Ruzhencev, and as_ that 
generic name was established later in the 
same year as Eothalassoceras it should be 
suppressed as a synonym. According to 
Ruzhencev (1940, p. 524), Uralites Voinova, 
1934 [not Tchernow, 1907], nomen nudum, 
is also synonymous. 

In summary, Eothalassoceras is now 
known to occur in the Middle Pennsylvanian 
of Oklahoma, the Upper Pennsylvanian of 
north-central and west Texas, and the 
Upper Carboniferous (Orenburgian) of the 
Ural region. 


EOTHALASSOCERAS CADDOENSE (Plummer 
and Scott) 
Plate 34, figures 5, 6; plate 35, figure 6 


Prothalassoceras texana [nomen nudum] Scott and 
PLUMMER, 1930, Geol. Soc. America, Bull., vol. 
41, p. 104. 

Prothalassoceras sp. MILLER, Jour. Paleontology, 
vol. 4, p. 408. 

Prothalassoceras kingorum PLUMMER, 1937, Am. 
Jour. Sci., 5th ser., vol. 33, p. 465; [part] —— 
and Scott, 1937, Texas Univ. Bull. 3701, pp. 
18, 353-354, 399, text fig. 88 (opp. p. 402), pl. 
36, figs. 7-15 [not 16]. 

Prothalassoceras caddoense PLUMMER and Scott, 
1937, Texas Univ. Bull. 3701, pp. 18, 353, 355- 
356, text fig. 88 (opp. p. 402), pl. 36, figs. 4-6. 

Eothalassoceras kingorum MILLER and FuRNISH, 
1940, Geol. Soc. America Special Paper 26, p. 
105. 

Eothalassoceras caddoense MILLER and FURNISH, 
1940, Geol. Soc. America Special Paper 26, p. 
105. 

Aristoceras? caddoense RUZHENCEV, 1940, URSS 
Acad. Sci., C. R. (Doklady), vol. 27, no. 5, p. 
526. 


Conch moderate in size and subdiscoidal 
in shape, attaining a maximum diameter of 
at least 40 mm. and a corresponding height 
and width of about 23 mm. and 15 mm., 
respectively. Whorls are strongly flattened 
laterally, rather narrowly rounded ventrally, 
and impressed dorsally—their maximum 
width is attained just outside the umbilical 
shoulders. Living chamber is almost a volu- 
tion (or more) in length. 

Umbilicus small, inconspicuous, and 
closed. Umbilical shoulders rounded and in- 
definite 

Surface of test bears fine growth lines 
which are strongly sinuous and form rather 
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deep rounded ventral and lateral sinuses, 
similar but smaller and lower dorsolateral 
salients, and more prominent and almost 
subangular ventrolateral salients. Also, in 
at least well preserved internal molds there 
is a distinct rounded longitudinal groove 
on each ventrolateral zone (see pl. 35, fig. 6). 

As shown by text figure 7, each external 
suture forms a large bifid ventral lobe with 
digitate prongs, and on either side of it a U- 
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and Owen) of the Middle Pennsylvanian of 
Oklahoma also has a relatively wide conch 
in comparison to E. caddoense, and it does 
not seem to be particularly closely related 
to that species or to E. keytet. 

The private collection of James P. Conlin 
of Ft. Worth contains a somewhat crushed 
but otherwise moderately well preserved 
phragmacone (no. 3201) which appears to 
be referable to this species and which is 


Fic. 7—Diagrammatic representation of an external suture of Eothalassoceras caddoense (Plummer 
and Scott), based on the specimen represented by figures 5, 6 on plate 34 at a diameter of about 


17 mm., X53. 


shaped first lateral saddle, a digitate first 
lateral lobe, and a moderately deep rounded 
second lateral saddle, which extends to a 
small lobe on the umbilical seam. The de- 
tails of the digitation of the lobes of the ex- 
ternal sutures are not the same on the two 
sides of the figured specimen. 
Remarks.—Plummer and Scott based this 
species on small specimens from the Way- 
land shale of north-central Texas, and they 
referred some larger individuals from that 
shale and from the slightly older Finis shale 
of the same general locality to E. kingorum 
(Miller) [=? E. keytei (Smith)], the types 
of which came from the upper part of the 
Gaptank formation of west Texas. Miller 
and Furnish expressed the opinion that all 
of these are probably conspecific. A direct 
comparison of specimens from the two 
shales in north-central Texas has convinced 
us that only one species is represented there, 
but these specimens appear to have rela- 
tively narrower conchs than do those from 
west Texas, and presumably therefore are 
specifically distinct. E. inexpectans (Miller 


about 333 mm. in diameter. This specimen 
is remarkable for its large size and for the 
fact that it came from a locality and horizon 
where the genus was previously unknown, 
the “shale above the Willow Point lime- 
stone,’ that is, the Lake Bridgeport shale 
(about middle Canyon) in the claypit at 
Bridgeport, Wise County, Texas. 

Aristoceras chkalovi Ruzhencev of the 
Orenburgian of the Urals seems to be strik- 
ingly similar to E. caddoense, and the two are 
certainly congeneric. The published figures 
of the type specimens of that Russian spe- 
cies show a double ventrolateral groove, but 
some of the small specimens in our collec- 
tions from the Wayland shale of north-cen- 
tral Texas also are similarly marked, and 
therefore we are of the opinion that little 
taxonomic significance should be attributed 
to this feature. 

Occurrence——As interpreted by us, this 
species occurs in the Lake Bridgeport, 
Finis, and Wayland shales of north-central 
Texas. From the Finis we have representa- 
tives of it at the following two localities, 





EXPLANATION OF PLATE 33 
Fics. 1-13— Neodimorphoceras texcanum (Smith). Five specimens showing the surface ornamentation 


and the sutures at various stages of growth. /-7, 


From the Finis shale about 3 miles due 


east of Jacksboro, Texas. /, 2, (J. P.C. 35 9); 3, 4, (J.P.C. 3547); 5-7, (J.P.C. 3537). 8-13, 
from the Wayland shale, slightly higher in the Graham formation, about 5 miles north of the 


same town (S.U.I. 13828). 1-4, X3; 5-7, K1; 8-13, X10. 


(p. 200) 
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both in Jack County: (1) the Ramzy and 
Riley ranches about 33 miles east of Jacks- 
boro, and (2) about 4 miles south of the 
same town. Also, Plummer and Scott have 
figured a specimen, which is almost cer- 
tainly conspecific, from the Finis shale in 
the Rock Island Railroad cut about 3} miles 
southeast of Jacksboro. 

Repositories.—State University of Iowa, 
13835; and private collections of James P. 
Conlin of Ft. Worth (Texas) [pl. 35, fig. 6, 
and five unfigured specimens],.Robert J. 
Stark of Grapevine (Texas) [pl. 34, figs. 5, 
6], and Ralph H. King of Wichita Falls 
(Texas) [1 unfigured specimen]. 


Genus AGATHICERAS Gemmellaro, 1888 


Genotype.—A gathiceras suessi Gemmel- 
laro. 

This well known genus is one of the most 
abundant ammonoids in the Late Paleozoic, 
insofar as number of individuals is con- 
cerned. Furthermore, it is of world-wide 
occurrence, and stratigraphically it ranges 
throughout almost all of the Pennsylvanian 
and all but the upper portion of the Permian. 
Nevertheless, it seems to be rare in the Finis 
shale, and the collections we are studying 
contain only one specimen that belongs in 
it. 

Plummer and Scott (1937, pp. 18, 119- 
122, text fig. 88 [opp. p. 402]) indicated that 
from the same locality which yielded our 
specimen, they had one specimen of A. 
frecht Bose and one or more of A. ciscoense 
Smith. However, they stated (p. 120) that 
both of these ‘‘may prove from the study of 
more material to be identical,’’ a conclusion 
with which we are inclined to agree. We 
believe that the characters by which they 
attempted to distinguish the two are prob- 
ably due primarily to differences in onto- 


genetic stage represented and possibly also 
to preservation and interpretation. The 
types of Bése’s species, which came from 
the Gaptank formation of west Texas, may 
however, be specifically distinct from those 
of Smith’s, which came from the Wayland 
shale of north-central Texas. 


AGATHICERAS CISCOENSE Smith 
Plate 35, figures 11, 12 


Agathiceras ciscoense SMITH 1903, U. S. Geol. 
Survey. Mon. 42, pp. 16, 131, 138, 146, pl. 21, 
figs. 17-19; , 1913, Zittel-Eastman Text- 
book of paleontology, vol. 1, 2d ed., p. 640, fig. 
1212; HANIEL, 1915, Palaont. von Timor, Lief. 
3, Abh. 6, pp. 67, 71; Bose, 1919, Texas Univ. 
Bull. 1762, pp. 113, 117, 120; PLUMMER and 
Moore, 1922, Texas Univ. Bull. 2132, pp. 149, 
220; SmitH, 1927, U. S. Geol. Survey. Prof. 
Paper 141, pl. 20, figs. 22-24; , 1927, 
Nederlandsch-Indié Jaarb. Mijnw., Jaarg. 55 
(1926), Verh. 1, p. 40; , 1929, Am. Jour. 
Sci., 5th ser., vol. 17, p. 67; SCHINDEWOLF, 
1931, Preuss. geol. Landesanst, Sitzungsber., 
Heft 6, p. 200; SmitH, 1932, U.S. Geol. Survey. 
Prof. Paper 167, p. 24, pl. 43, figs. 22-24; 
PLUMMER and Scott, 1937, Texas Univ. Bull. 
3701, pp. 18, 30, 119, 121-122, text fig. 88 
(opp. p. 402), pl. 28, figs. 8-16. 

? Agathiceras frecht [part] PLUMMER and Scott 
Texas Univ. Bull. 3701, pp. 18, 119-121, 394, 
pl. 28, figs. 3, 5 [not 1, 2, 4, 6, 7]. 

The single specimen that we are referring 
to this species is well preserved, but the 
adoral portion of its outer volution is some- 
what crushed. It is testiferous throughout 
and does not reveal the sutures. 

The maximum over-all dimension of this 
specimen is about 38 mm. Near the adapical 
end of the outer volution, where the conch 
is free from distortion, it is about 113 mm. 
high and 123 mm. wide. The umbilicus is 
small and closed. 

The surface of the test bears prominent 
longitudinal ribs which are about half as 
wide as the intermediate grooves. These 














EXPLANATION OF PLATE 34 


All specimens are from the Finis shale of north-central Texas. 


Fics. 1-4—Peritrochia ganti (Smith). 1, 2, Specimen from 4 miles south of Jacksboro (S.U.I. 1067); 


3, 4, specimen from 3 miles southeast of the same town (S.U.I. 1061). All <3. 


(p. 210) 


5, 6—Eothalassoceras caddoense (Plummer and Scott). Two views of,a phragmacone (R. J. S.), 


from about 34 miles east of Jacksboro, X3. 


(p. 207) 


7-9—Schistoceras missouriense (Miller and Gurley). 7, Lateral view of a large phragmacone; 8, 
ventral view of all but the adoral quarter-volution of the same specimen (S.U.I. 1059), X1. 
9, An vise nae of the ventral portion of a testiferous specimen (J. P. C. 3653), X6. Both 


specimens 


rom about 3} miles east of Jacksboro. 


(p. 206) 














210 A. K. MILLER AND H. R. DOWNS 


ribs are essentially straight-sided and flat- 
topped, and the grooves are flat-bottomed. 
Fine sinuous transverse growth lines are 
also present. They cross both the ribs and 
the grooves and form broad moderately 
shallow rounded ventral and lateral sinuses 
and ventrolateral and dorsolateral salients. 

Remarks.—In all available particulars, 
the specimen under consideration seems to 
resemble Smith’s holotype very closely. 
Furthermore, both are of about the same 
size. 

Occurrence.—Finis shale in the Rock 
Island Railroad cut about 3} miles south- 
east of Jacksboro, Jack County, Texas. The 
holotype of this species came from the 
Wayland shale in a high bluff on the west 
side of Salt Creek west of Graham, Young 
County, Texas; and the John Britts Owen 
collection at the State University of Iowa 
contains two moderately small limonitic 
internal molds from the Wayland about 5 
miles north of Jacksboro, on the Antelope 
Road. Insofar as we have been able to ascer- 
tain the species is not known to occur at 
any other horizon or localitity. 

Repository—State University of Iowa, 
13764. 


Genus PERITROCHIA Girty, 1908 


Genotype.—Peritrochia erebus Girty. 

Although this genus was long neglected, 
Miller and Furnish (1940, pp. 121-127, 179) 
restudied the original specimens on which 
it was based and showed that they are 
similar enough to the genotypes of the 
subsequently described Marathonites Bose, 
1919, and Prostacheoceras and Kargalites, 
both of Ruzhencev, 1938, to be regarded as 
congeneric with them. It is gradational with 
Stacheoceras Gemmellaro, 1887, and differs 
from that genus only in the simplicity of its 
sutures. It should, however, be stated that 
Ruzhencev (1940, p. 288) disagrees with 
these conclusions. 

Stratigraphically Peritrochia is known to 
range from well down in the Upper Car- 
boniferous into the Middle Permian, and 
geographically it is widespread in the west- 
ern and southwestern part of the United 
States and has been found to occur also in 
Sicily, Crimea, the Ural region, the Pamir 
Highlands, and Timor. Only one species 
occurs in the Finis shale. 


PERITROCHIA GANTI (Smith) 
Plate 34, figures 1-4 


Popanoceras ganti Smitu, 1903, U. S. Geol, 
Survey. Mon. 42, pp. 16, 132-133, 138, 146, pl. 
21, figs. 14-16. 

Stacheoceras ganti SmitH, 1913, Zittel-Eastman 
Text-book of paleontology, 2d ed., vol. 1, p. 
641, text fig. 1213; Bose, 1919, Texas Univ. 
Bull. 1762, pp. 36, 37, 133, 134, 138, 140, 144: 
PLUMMER and Moore, 1922, idem. 2132, pp. 
146, 149, 150, 220; ? Smiru, 1927, U. S. Geol. 
Survey. Prof. Paper 141, pl. 20, figs. 18-20. 

Marathonites ganti SmitH, 1927, Nederlandsch- 
Indié Jaarb. Mijnw., Jaarg. 55 (1926), Verh. 1, 
p. 45; [part?] , 1929, Am. Jour. Sci., 5th 
ser., vol. 17, pp. 67, 80; ? ——, 1932, U. S. 
Geol. Survey. Prof. Paper 167, p. 24, pl. 43, 
figs. 18-20; PLUMMER, 1937, Am. Jour. Sci., 
vol. 233, p. 465; [part] —— and Scorrt, 1937, 
Texas Univ. Bull. 3701, pp. 17, 30, 133, 138, 
145-146, 147, text fig. 88 (opp. p. 402), pl. 31, 
figs. 1-5, 8, 9 [not 6, 7]; RUZHENCEV, 1940, 
URSS Acad. Sci., Paléont. Inst. Trav., t. 11, 
liv. 3, pp. 89, 92, 126, 127. 

? Marathonites sp., Scott and ARMSTRONG, 1932, 
Texas Univ. Bull. 3224, p. 39. 

Marathonites sulcatus [part] PLUMMER and Scott, 
1937, Texas Univ. Bull. 3701, pp. 18, 139, 143- 
144, text fig. 88 (opp. p. 402), pl. 31, figs. 14-18. 

? Vidrioceras mooret [part?] PLUMMER and Scott, 
1937, Texas Univ. Bull. 3701, pp. 131, 132-133, 
134, text fig. 88 (opp. p. 402), pl. 30, figs. 8-12. 

Peritrochia ganti [part] MILLER and Furnisu, 
1940, Geol. Soc. America Special Paper 26, p. 
128; [part?] SHIMER and SHrRock, 1944, Index 
fossils of North America, p. 577, pl. 236, figs. 
20, 21; [part?] MILLER and YounGogultst, 1947, 
Kansas Univ. Paleont. Contr., Mollusca, Art. 
1, p: 12. 





This species has been described in detail 
by Smith and by Plummer and Scott, but 
the numerous specimens now available for 
study enable us to make certain additions 
to their discussions. The living chamber is 
at least one full volution in length, and the 
conch attains a maximum diameter of at 
least 35 mm. and a corresponding height and 
width of about 20 mm. and 21 mm., re- 
spectively. The umbilicus is small, incon- 
spicuous, and closed. 

The surface of the test bears transverse 
lirae which form broad shallow rounded 
ventral sinuses and similar lateral salients. 
Also, on exceptionally well preserved indi- 
viduals, there are longitudinal lirae and the 
test is therefore reticulate. The longitudinal 
lirae are, however, not quite as well devel- 
oped as are the transverse ones, particularly 
on the ventral zone of the conch. The sinu- 
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ous transverse constrictions, which are essen- 
tially paralle! to the growth lines are recog- 
nizable on the exterior of the test, but they 
are not nearly as prominent there as on the 
internal mold. The shape of the sutures is 
shown by text figure 8. 

Remarks.—This form is one of a group 
of species that is both abundant and wide- 
spread in the Upper Carboniferous and 
Lower Permian. Minor differences in the 
sutures and the shape of the conch have 
been used to differentiate species within 
the group. The species under considera- 
tion is characterized by the narrow- 
ness of the dorsal lobe of its sutures and by 





conch in these twospecies are about the same, 
but the younger form has a considerably 
larger umbilicus. 

Externally P. ganti resembles rather 
closely P. ‘‘j. p. smithi’’ (Bése) of the upper 
part of the Gaptank formation of west 
Texas. However, the dorsal lobe of the 
sutures of that species is relatively broad. 
Such a criterion is difficult to use, but it 
seems to indicate a specific difference be- 
tween the two forms. Bése’s species was 
regarded by Miller and Furnish (1940, p. 
122) as synonymous with P. ganti, and they 
inadvertently designated a specimen from 
west Texas as a topotype of Smith’s species. 
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Fic. 8—Diagrammatic representation of a mature suture of Peritrochia ganti (Smith) where the conch 
is some 16 or 17 mm. in diameter, based on a specimen (S. U. I. 1062) from the Finis shale about 


34 miles east of Jacksboro, Texas, X5. 


the fact that its umbilicus is very small. 
Minor differences in the denticulation of the 
sutures are not of specific value in this group 
for such differences are present on opposite 
sides of individual specimens. 

Vidrioceras mooret Plummer and Scott of 
the Caddo Creek and Graham formations 
of north-central Texas may be synonymous 
with P. gantt. In their text, Plummer and 
Scott (1937, p. 133) stated that it is based on 
“cotypes.’’ However, on the legend of their 
plate 30 they designated as a “holotype” 
a small specimen, some 8 mm. in diameter, 
from the Wayland shale about 53 miles 
northwest of Chico, Wise County, Texas; 
and they stated that it ‘‘may be a young 
form of Marathonites sulcatus in the Vidrio- 
ceras stage.’’ This specimen should be 
carefully restudied for the only published 
illustrations of it do not reveal the details 
of the sutures. 

Both the external and the internal sutures 
of P. ganti are closely similar to those of P. 
sellardsi (Plummer and Scott) of the Lower 
Permian of north-central and west Texas. 
Furthermore, the general proportions of the 


P. electraensis (Plummer and Scott) of the 
Lower Permian of north-central Texas also 
appears to be close to P. ganti. How- 
ever, in the only published description of 
that species (Plummer and Scott, 1937, pp. 
148-149) it is stated that the “whorls do 
not bear constrictions.’’ The nature of its 
internal sutures is not known. 

Occurrence.—As interpreted by us this 
species is known from only the Wayland and 
the Finis shales of north-central Texas, and 
possibly the Wabaunsee group of eastern 
Kansas (see Smith, 1929, p. 67; and Elias, 
1933, p. 695). From the Finis, we have 
representatives of it at the following locali- 
ties, all in Jack County: (1) 33 miles east 
of Jacksboro (text fig. 8, and 18 unfigured 
specimens), (2) 3 miles southeast of Jacks- 
boro (pl. 34, figs. 3, 4; and three unfigured 
specimens), and (3) 4 miles south of Jacks- 
boro (pl. 34, figs. 1, 2; and two unfigured 
specimens). Also Plummer and Scott de- 
scribed and illustrated some conspecific in- 
dividuals from the same shale about 6} 
miles northeast of Jacksboro. 

Repositories—State University of Iowa, 
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1061 (pl. 34, figs. 3, 4), 1062 (text fig. 8), 
1063, 1067, (pl. 34 figs. 1, 2), and 13819; 
and private collections of James P. Conlin 
of Ft. Worth and Ralph H. King of Wichita 
Falls. 


Genus SHUMARDITES Smith, 1903 


Genotype-—Shumardites simondst Smith. 

When this genus was established, it was 
based on four conspecific specimens from 
the Wayland shale near Graham, Texas; 
and no other very similar forms were known. 
Since then much comparable material has 
been collected from the Pennsylvanian of 
eastern, central, and southwestern United 
States, the Upper Carboniferous of north- 
western Africa and Greece, and the Late 
Paleozoic of central European Russia, the 
Ural region, and central Asia (Fergana and 
Tien Shan). A number of generic and spe- 
cific names have been proposed for the speci- 
mens from these widely separated localities. 
The literature contains discussions of most 
of them by various authors, but there is 
little unanimity of opinion regarding their 
relations. 

Although we have a great many American 
specimens available to us, we do not have 
any from the eastern hemisphere. Because 
we cannot make direct comparison, we 
believe that, for the present at least, it is 
best for us to confine our remarks largely to 
the material at hand. All specimens from 
the Finis shale appear to represent only 
three species, one of which is closely related 
to the genotype of Shumardites, whereas 
the other two belong in the genus Vidrio- 
ceras. 


SHUMARDITES CUYLERI (Plummer and 
Scott) 
Plate 35, figures 7-10 

? Shumardites sp. ScoTT and ARMSTRONG, 1932, 
Texas Univ. Bull. 3224, p. 39. 

Shumardites cuyleri PLUMMER and Scott, 1937, 
Texas Univ. Bull. 3701, pp. 18, 293, 295, 296, 
297-298, 301, text fig. 88 (opp. p. 402), pl. 23, 
figs. 10-12. 

Parashumardites cuyleri RUZHENCEV, 1939, 
URSS Acad. Sci. C. R. (Doklady), vol. 23, no, 
8, pp. 850, 852; ——, 1939, URSS Acad. Sci, 
C. R. (Doklady), vol. 24, no. 8, pp. 835, 836, 

Neoshumardites? cuyleri MILLER and Furniss, 
1940, Geol. Soc. America Special Paper 26, p. 
77; MILLER and STURGEON, 1946, Jour. 
Paleontology, vol. 20, p. 387. 

Only a single specimen of this species has 
been described previously. However, it 
shows the shape of both the internal and 
external mature sutures. 

The collections we have available for 
study contain 35 specimens from the same 
shale as the holotype, that is, the Finis 
shale. They show that the phragmacone 
attained a diameter of at least 60 mm. and 
a corresponding height and width of conch 
and diameter of umbilicus of about 27 mm., 
34 mm., and 26 mm., respectively. 

At full maturity, the surface of the inter- 
nal mold is essentially smooth and devoid 
of markings other than the sutures. How- 
ever, during earlier growth stages, it is 
marked by prominent rounded transverse 
constrictions which form broad rounded 
ventral salients and similar but smaller 
dorsolateral sinuses. These constrictions, 
which become obsolete by the time the conch 
has attained a diameter of about 32 mm., 
for the most part do not extend dorsad of the 
umbilical shoulders; but on well preserved 





EXPLANATION OF PLATE 35 
All specimens are from the Finis shale of north-central Texas. 


Fics. 1, 2—Vidrioceras uddeni Bése. A large phragmacone (S. U. I. 1896) from 3 miles southeast of 


Jacksboro, X2. 


(p. 214) 








3—Schistoceras hildrethi (Morton). Part of an internal mold of a phragmacone (J. P. C. 3654) 
from about 34 miles east of Jacksboro, X1}. (p. 206) 
4, 5—Vidrioceras conlini Miller and Downs, n. sp. The holotype (J. P. C. 3584) from the same 
locality as the preceding, X2. (p. 216) 
6—Eothalassoceras caddoense (Plummer and Scott). A moderately large almost complete in- 
ternal mold (J. P. C. 3588), from the same locality as figure 3, 1}. (p. 207) 
7-10—Shumardites cuyleri Plummer and Scott. Specimens from about 3} miles east of Jacks- 
boro. 7, 8, An early mature phragmacone (J.P.C. 1999), X2; 9, 10, a fully mature, com- 
pletely septate specimen (USN M.). x1. (p. 212) 
11, 12—Agathiceras ciscoense Smith. A large testiferous individual (S.U.I. 13764), from the 
Rock Island Railroad cut about 3} miles southeast of Jacksboro, X 1}. (p. 209) 
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individuals indefinite continuations of them 
can be discerned on the umbilical walls. 
These exceptional specimens also retain 
traces of the increments of growth, which are 
essentially parallel to the constrictions. 

Fragments of the test which adhere to 
some specimens show that its surface bears 
fine growth lines and similar longitudinal 
lirae and is therefore reticulate. The longi- 
tudinal lirae seem to be particularly promi- 
nent on the portions of the test which border 
the umbilical shoulders. They do not, how- 
ever, seem to be discernible on the internal 
mold, and the transverse markings there are 
of the nature of faint rounded grooves which 
are much broader than the growth lines. 

Throughout ontogenetic development, 
the sutures continue to increase in complex- 
ity. As shown by text figure 9A, at a di- 
ameter of about 5 mm., at least the external 
sutures are similar to those of mature repre- 
sentatives of Eoasianites. Then they pass 
through a Neoshumardites stage (fig. 9B) 
when the conch has attained a diameter of 
some 15 mm., and in very large individuals 
(figs. 9C, 10B) they are about like those of 
early mature representatives of the genotype 
of Shumardites, S. simondsi Smith (cf. 
text figs. 9C, 9D; 10B, 10C). 

Remarks.—The specimen which Miller 
and Unklesbay (1943, p. 23, pl. 3, fig. 6) 
referred to this species came from about 
43 miles northwest of Jacksboro, Texas, 
presumably from the Wayland shale; and it 
therefore probably belongs in S. simondsi. 
Throughout ontogenetic development the 
sutures of that species are considerably 
more advanced than are those of equal- 
sized representatives of S. cuyleri, and at 
full maturity they are much more complex 
than are those of even the largest individuals 
of the species we are studying (cf. text figs. 
9C and 9E). 

The private collection of James P. Conlin 
of Ft. Worth contains a single specimen (No. 
3133) from the Caddo Creek formation 
about 53 miles west of Chico, Wise County, 
Texas. It is not very complete, but its 
maximum diameter measures about 24 mm. 
It has a considerably smaller umbilicus than 
do typical representatives of S. cuyleri and 
also its sutures are distinctly more primitive. 
Presumably this specimen is referable to 
Preshumardites stainbrooki Plummer and 
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Fic. 9—External sutures of Shumardites cuyleri 
Plummer and Scott of the Finis shale of Texas 
and S. simondsi Smith of the Wayland shale of 
the same state. (A) Adolescent suture (Eoasia- 
nites stage) of S. cuyleri at a height of conch of 
about 14 mm., X12 (S. U. I. 1902—from about 
3} miles east of Jacksboro). (B) Early mature 
suture (Neoshumardites stage) of S. cuyleri ata 
height of conch of about 3 mm., X4# (same 
specimen as pl. 35, figs. 7, 8—adapical suture of 
outer volution). (C) Late mature suture of S. 
cuylert at a height of conch of about 25 mm., 
X14 (same specimen, as text fig. 1OB—J. P. C. 
3596). (D) Early mature suture of S. stmondsi 
at a height of conch of about 94 mm., 4 
(same specimen as text fig. 10C—S. 'U. I. 
1068). (E) Late mature suture of S. simondsi 
at a height of conch of about 38 mm., X4 
(adapted from J. P. Smith) 
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Scott, the only known representative of 
which came from the same horizon and lo- 
cality, and that species should probably be 
referred to Ruzhencev’s genus Neoshumar- 
dites. 

The specimen from the Allegheny of east- 
ern Ohio which Miller and Sturgeon (1946, 
pp. 386-387, pl. 56, fig. 12) called ‘‘Neo- 
shumardites sp.’’ is so incomplete and 
crushed that satisfactory comparisons can 
not be made with it. However, it is probably 
a little more primitive than S. cuyleri, and, 
if that is the case, it is more or less interme- 
diate between typical Neoshumardites and 
typical Shumardites. 

Occurrence.—T he collections we are study- 
ing contain representatives of this species 
from the Finis shale at the following locali- 
ties, all in Jack County, Texas: (1) 4 miles 
east-northeast of Jacksboro, (2) Ramzy and 
Riley ranches about 33 miles east of the 
same town [many specimens], and (3) about 
6} miles east of Jacksboro. The holotype 
came from the same shale about 63 miles 
northeast of Jacksboro. 

Repositories —State University of Iowa, 
1071, 1901, 1902 (text fig. 9A), 1903. U.S. 
National Museum (pl. 35, figs. 9, 10). 
Private collections of James P. Conlin of 
Ft. Worth, 1999 (pl. 35, figs. 7, 8; and text 
fig. 9B), 3596 (text figs. 9C, 10B) and 
many other specimens; and of Ralph H. 
King of Wichita Falls and Merrill A. 
Stainbrook of Brandon (Iowa). 


Genus VIDRIOCERAS Bose, 1919 


Genolype.— Vidrioceras uddeni Bose. 

Smith (1927, pp. 44-45) and Miller and 
Furnish (1940, p. 123) have expressed the 
opinion that Vidrioceras should be sup- 
pressed as a synonym of Shumardites; but 
Schindewolf (1931, p. 201) and Ruzhencev 
(1940, pp. 287-288) have disagreed with this 
conclusion. A comparison of text figures 10C 
and 10D makes it clear that the sutures of 
the genotype of Vidrioceras are more ad- 
vanced than those of the type species of 
Shumardites, for the three subdivisions of 
the first lateral lobe of the external sutures 
have become essentially independent lobes 
and a small lobe has been added just out- 
side the umbilical shoulder. We are there- 
fore regarding Bése’s genus as independent 
from Shumardites, but we suspect that these 
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two genera are much more closely related 
than Plummer and Scott (1937, pp. 129- 
132, 287-288) and Ruzhencev (1940, pp, 
287-288) believed. Bése (1919, pp. 146- 
148) regarded Vidrioceras as a subgenus of 
Marathonites [=FPeritrochia], but Miller 
and Furnish, and Ruzhencev placed these 
two in different families, and Schindewolf, 
and Plummer and Scott regarded them as 
generically distinct. 

The Finis shale contains only two species 
of this genus. One of them seems to be iden- 
tical with the genotype, which was origi- 
nally described from the upper part of the 
Gaptank formation of west Texas; and the 
other is very closely related to it. 


VIDRIOCERAS UDDENI Bése 
Plate 35, figures 1, 2 
Vidrioceras uddeni BosE, 1919, Texas Univ. Bull. 

1762, pp. 18, 36, 146, 149-152, 153, 154, pl. 7, 

figs. 40-61; PLUMMER and Scott, 1937, Texas 

Univ. Bull. 3701, pp. 22, 32, 131, 132, 133, 134, 

— text fig. 88 (opp. p. 402), pl. 30, figs, 
Shumardites uddeni Smitu, 1927, Nederlandsch- 

Indié Jaarb. Mijnw., Jaarg. 55 (1926), Verh. 1, 

p. 44; MILLER and FurnisH, 1940, Geol. Soc. 

America Special Paper 26, pp. 13, 122, 124, 

125, 126. 

We are referring to this species two speci- 
mens from the Finis shale and five from 
the Wayland shale at near-by localities in 
north-central Texas. After a direct compari- 
son of these seven individuals with topo- 
types from the Gaptank formation of west 
Texas, it seems clear that the general physi- 
ognomy of the conch and the size and shape 
of the umbilicus is essentially the same in 
every case. Furthermore, the only apprecia- 
ble difference in at least the external su- 
tures of the west Texas and the north- 
central Texas individuals seems to be in the 
relative prominence of the small lobe just 
outside the umbilical shoulder (cf. text 
figs. 10D and 11C). It appears to be better 
developed in the topotype material, but we 
are inclined to doubt that this slight differ- 
ence should be accorded any taxonomic sig- 
nificance. 

Unfigured portions of the living chamber 
of the specimen we are illustrating show that 
it is at least two-fifths of a volution in 
length. Fragments of the test adhere to 
these pieces of the internal mold of the living 
chamber. They show that it bears moder- 
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ately coarse sinuous transverse markings, 
which form broad shallow rounded ventral 
salients, similar but smaller ventrolateral 
sinuses, and still smaller lateral salients. 
Bése’s figured types of this species (inter- 
nal molds) bear sinuous transverse constric- 


| 

















Occurrence.—This species was originally 
described from the upper portion of the 
Gaptank formation of west Texas. In 1937 
Plummer and Scott referred to it some small 
specimens from the Caddo Creek formation 
of north-central Texas, and we are placing 















Fic. {0—Complete sutures of Neoshumardites, Shumardites, and Vidrioceras. (A) Composite mature 
suture (with calculated proportions, so that internal and external portions of suture do not represent 
exactly same stage of ontogenetic development) of the genotype of Neoshumardites, N. triceps 
Ruzhencev of the Artinskian of the Ural region, at a height of conch of a little less than 10 mm., 
X34 (adapted from Ruzhencev). (B) Late mature suture of Shumardites cuyleri Plummer and 
Scott of the Finis shale about 3} miles east of Jacksboro, Texas, at a height of conch of about 25 mm., 
X1} (based on J. P. C. 3596). (C) Early mature sutures of Shumardites simondsi Smith of the Way- 
land shale about 6} miles northwest of Jacksboro, Texas, at a height of conch of about 93 mm., X3 
(based on S.U.I., 1068). (D) Mature suture of the genotype of Vidrioceras, V. uddeni Bése of the 
Gaptank formation at Wolf Camp in the Glass Mountains of west Texas, at a height of conch of 


about 83 mm., 3} (based on S. U. I. 1395). 


tions, and so do the equal-sized (small) 
specimens we are referring to it. However, 
our larger specimens indicate that these 
become less prominent and then obsolete 
during ontogenetic development, and none 
is visible on relatively large individuals like 
the one we are illustrating. 


in it a few specimens from the Finis and 
Wayland shale members of the Graham 
formation of north-éentral Texas. From 
the Finis we have one representative from 
each of the following two localities in Jack 
County: (1) 33 miles east of Jacksboro, 
and (2) 3 miles southeast of the same town. 
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Repositories —State University of Iowa, 
1896 (pl. 35, figs. 1, 2); and private collec- 
tion of James P. Conlin of Ft. Worth. 


VIDRIOCERAS CONLINI Miller 
and Downs, n. sp. 
Plate 35, figures 4, 5 


Although we are basing this species pri- 
marily on the figured specimen, which we 
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The conch is globular in shape, and the 
phragmacone attains a diameter of at least 
28 mm. Where the holotype, which is sep- 
tate throughout, is about 20 mm. in diameter, 
its conch is about 19 mm. wide and almost 
10 mm. high, and the umbilicus is some 4 
mm. in diameter. 

The test bears traces of the increments of 
growth. These form broad rounded ventraj 


Fic. 11—Diagrammatic representations of mature sutures of Vidrioceras conlini Miller and Downs 
(A, B) and V. uddeni Bése (C). The first (A) represents part of an internal suture where the conch is 
about 27 mm. in diameter, and it is based on a specimen (S. U. I. 13822) from the Wayland shale 
about 3} miles northwest of Jacksboro, Texas, X2. The second (B) is based on the holotype repre- 
sented by figures 4, 5 on plate 35, and it portrays the shape of the external suture when the conch 
had attained a diameter of about 20 mm., X6. The third (C) is based on the specimen represented 
by figures 1, 2 on the same plate, and it shows the nature of the external suture where the diameter 


of the conch measures some 16 mm., X7. 


are designating as the holotype, three addi- 
tional ones are available for comparisons. 
Two of these (and the holotype) came from 
the Finis shale, whereas the other is from 
the slightly younger Wayland shale— 
both of these shales are members of the 
Graham formation. 


salients and on either side of them similar 
but smaller ventrolateral sinuses and lateral 
salients. Also, on at least the internal mold 
(and probably to a less extent the exterior 
of the test) there are prominent rounded 
sinuous transverse constrictions, which are 
parallel (or essentially so) to the growth 
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lines. These constrictions are present on 
even the adoral portion of large individuals, 
and there are about three of them to a volu- 
tion. 

The shape of the sutures at maturity is 
shown by text figures 11A and 11B. The 
portion of the internal sutures (text fig. 
11A) is not based on the holotype but on a 
slightly larger specimen from a little higher 
stratigraphic horizon (the Wayland shale), 
and that specimen seems to have a some- 
what narrower conch. The difference in the 
shape of the conch of these two individuals 
may, however, be due to difference in onto- 
genetic stage of development. 

Remarks.—This species is very similar in 
size and shape of conch and umbilicus to 
the genotype of Vidrioceras, V. uddeni Bose. 
Also, its external, and the known portion of 
its internal, sutures are in many ways strik- 
ingly similar to those of that species (cf. 
text figs. 10D and 11A-C). However, the 
prongs of the ventral lobe are bifid in this 
species but not in the genotype, and the 
relative prominence of the small lobe just 
outside the umbilical shoulder is different 
in the two. Also, even large individuals of 
the form under consideration have promi- 
nent sinuous constrictions, whereas such 
constrictions become obsolete during early 
maturity in at least the specimens from 
north-central Texas that we are referring to 
the type species. 

In certain respects, the holotype of V. 
conlint resembles that of V. moorei Plummer 
and Scott of the Caddo Creek formation, 
which is only slightly older than the Finis 
shale. However, Plummer and _ Scott’s 
holotype is small and probably represents 
only the immature portion of the conch. 

Occurrence—Finis and Wayland shale 
members of the Graham formation of north- 
central Texas. All three of the specimens 
known from the Finis came from about 33 
miles east of Jacksboro, and that known 
from the Wayland was found about 34 
miles northwest of the same town. 

Types.—State University of Iowa, 13822 
(from the Wayland shale); and private col- 
lections of James P. Conlin of Ft. Worth, 
3583 (unfigured paratype) and 3584 (holo- 
type), and of Ralph H. King of Wichita 
Falls (unfigured paratype). 
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pp. 1-44, pls. 1-5. 
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SOME DEVONIAN SPIRIFERIDAE FROM ALBERTA! 


C. H. CRICKMAY 
Imperial Oil Ltd., Calgary, Alberta, Canada 





ABSTRACT—One new genus including five new species of Spiriferidae, hitherto con- 
fused with Mucrospirifer, are described from the new oil fields of Alberta, Canada, 
from late Middle and early Upper Devonian formations. 





INTRODUCTION 


OR some time, mucronatus-like species of 

Spirifer, sensu lato, have been found in 
the Devonian of Alberta, and the Middle 
Devonian correlation suggested by them has 
been at variance with accepted correla- 
tions. For instance, the Waterways for- 
mation hitherto commonly accepted as 
early Upper Devonian contains these 
mucronatus-like species. The Hay River 
shale, entirely Upper Devonian, and in 
part, at least, not earlier than mid-Upper 
that is, late Senecan to Chautauquan (late 
Frasnian to Famennian) contains them in 
abundance. Recently they have been found 
in borehole cores from the Leduc and Red- 
water oilfields whence, crossing my desk in 
the course of business routine, they have 
become my responsibility as a correlational 
problem. 

Specimens of these questionable ‘‘ Mucro- 
spirifer’’ species have now been critically 
compared with examples of M. mucronatus 
Conrad and closely congeneric forms kindly 
sent by Prof. C. O. Dunbar of Yale Univer- 
sity and Dr. G. A. Cooper of the United 
States National Museum, and it has been 
found that, though superficially similar in 
being exaggeratedly transverse, mucronate 
and lameliose, they show no positive evi- 
dence of genetic relationship with the typi- 
cally east American Middle Devonian Mucro- 
spirifer mucronatus stock. In fact, they 
show no close relationship with the type of 
any named genus, and are apparently 
peculiar to northwestern North America 
where little is known, comparatively, of 
the Devonian faunas. 


‘Approved for publication by the Manager, 
Exploration Department, Imperial Oil Ltd., Cal- 
gary, Alberta, Canada. 


The requirements of petroleum explora- 
tion and of oil field geology make it impera- 
tive to work out the relationships and corre- 
lation of these and other elements of the 
Devonian faunas in Alberta. It is my pur- 
pose in this article to make a beginning in 
this task, commencing with a formal de- 
scription of a new genus and species of mu- 
cronate Spiriferidae. 

All primary types of the new species de- 
scribed below are in the possession of Im- 
perial Oil Ltd., Calgary, Alberta, Canada. 


SYSTEMATIC PALEONTOLOGY 


Class BRACHIOPODA 
Superfamily SpIRIFERACEA 
Family SPIRIFERIDAE 
Genus ELEUTHEROKOMMA Crickmay, n. 
gen. 


Genotype.— Eleutherokomma hamiltoni 
Crickmay, n. sp. 

Description—Medium sized, subequally 
biconvex, strongly transverse and mucro- 
nate Spiriferidae, with non-plicate fold, 
and sulcus and costate (or plicate) lateral 
slopes. Hinge line straight and equal to the 
greatest width of the valve. 

Ventral valve with short interarea, me- 
dium broad delthyrium and incurved beak; 
interiorly with strong straight dental lamel- 
lae diverging toward their bases, with long 
straight hinge teeth and in some, a small 
adventitious deposit of nacre producing in 
some specimens the appearance of a trans- 
verse delthyrial plate but not a true plate; 
usually possessing a low, thin, sharp median 
ridge but not a true s¢ptum. 

Dorsal valve with very short interarea 
and low, sharp beak; interiorly with deep, 
narrow sockets and strong oblique socket 
plates, a short, broad, rounded, undivided, 
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vertically striate cardinal process and a low 
median ridge but not a true septum. 

Exterior of lateral slopes ornamented by 
few to many costae (or plicae); and, on the 
whole shell, concentric lamellae. Micro- 
ornament of whole shell (except interarea), 
fine radial threads (or striae) crossed by fine, 
regular concentric micro-fila and, in some, 
irregularly spaced micro-spines. 

Distinction from most other spiriferid 
genera lies in the exaggeratedly transverse 
and mucronate character. From Jucro- 
spirifer, as from all other genera, it is sep- 
arated by its complex micro-ornament. 


ELEUTHEROKOMMA HAMILTONI Crickmay, 
n. sp. 
Plate 36, figures 1-3 


Description.—Shell somewhat smaller 
than other species, subequally biconvex, 
approximately semicircular in outline, each 
extremity produced sharply into a very long, 
slender, needle-like mucro. Lateral slopes 
with eight to ten rounded costae and nar- 
rower furrows, the strength of the costae 
decreasing gradually with distance from fold 
and sulcus. Costae show weakly on internal 
surface of shell. 

Ventral valve strongly convex. Sulcus 
bounded by very strong costae, somewhat 
narrow, deep, marked by a faint trace of a 
median costa within it. Beak strongly in- 
curved. Interarea short. Delthyrium about 
60 degrees, open except for a small, irregu- 
larly developed adventitious deposit of 
nacre which forms a callus and which in 
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many shells resembles a transverse delthy- 
rial plate. Hinge teeth long, sharp, straight. 
Dental lamellae strong, somewhat short 
(less than one-fourth length of valve), diverg- 
ing strongly toward their bases, diverging 
from beak parallel to second costa. Internal 
surface with a low, blunt median ridge 
through central region of valve. 

Dorsal valve somewhat less convex, more 
rounded, less angular. Fold narrow, not 
specially prominent, non-plicate except at 
anterior commissure, where a faint trace of 
a median furrow appears. Beak low, incon- 
spicuous. Interarea very short, Notothy- 
rium wide and very short. Cardinal process 
small, low, rounded, vertically finely striate. 
Socket plates very large and massive. 
Rostral chamber filled with more or less 
adventitious nacre, There is no dorsal 
median ridge. 

The exterior surface (except that of the 
palintrope) is covered with fine concentric 
lamellae spaced 3.5 to the millimeter, more 
closely spaced at the anterior edge, each 
lamella projecting about 0.2 to 0.3 mm. 
above the general surface. Between each 
pair of lamellae there are four to six concen- 
tric micro-fila of remarkable continuity, 
fineness and regularity, numbering fourteen 
to twenty to the millimeter. Surface (except 
interarea) also covered with fine radial 
threads (micro-striae), about twelve to six- 
teen to the millimeter. 

Measurements.—Holoty pe, width, 42 mm.; 
length, 9 mm.; depth (ventral valve), 3 mm. 

Occurrence.—E. hamiltoni occurs in the 





EXPLANATION OF PLATE 36 


Fics. 1-3—Eleutherokomma hamiltoni Crickmay, n. sp. J, Holotype, trom La Saline Rock, pedicle 
valve, external aspect. Left mucro fully preserved, right broken off at less than mid-length. 
X1.8. 2, Paratype No. 1, from La Saline Rock, brachial valve, external aspect. Both 
mucrones broken off; impression of right mucro is preserved for about j of its full length. 
X2.0. 3, Paratype No. 2, from La Saline Rock, pedicle valve, external aspect, magnified 


to show micro-ornament, 5.0. 


(p. 220) 


4—-5—Eleutherokomma killeri Crickmay, n. sp. 4, Holotype, from Imperial Egremont No. 1 well 
at 4430-4446 feet depth, mold of interior of a pedicle valve, with part of the right mucro of 
the brachial valve of the same individual. The mucrones are mostly, but not perfectly, 


preserved. X1.5. 5, Holotype, reverse of same specimen, X1.6. 


(p. 222) 


6-8—Eleutherokomma leducensis Crickmay, n. sp. 6, Holotype, from Millet-Leduc No. 16-6 
borehole at 6058-6078 feet depth, mold of interior of brachial valve with some shell sub- 
stance showing ribbing and other surface marks attached to it in places. Outline completed 
in broken black line. Interior dorsal median ridge is faintly discernible. 2.5. 7, Holotype. 
reverse of same specimen. Some micro-ornament is shown as an impression in the matrix, 
X2.8. 8, Paratype No. 1, from same source, mold of part of exterior of a small pedicle valve. 
Specimen is a deeply concave impression. Magnified to show micro-ornament, X5.5. 


(p. 222 
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uppermost zone of the Waterways formation 
at La Saline Rock, wt bank of Athabasca 
River, sec. 15, T. 93, R. 10, west of 4th merid- 
jan (holotype). Also at a number of other 
lower Athabasca River localities. 

Name.—After Frederick J. Hamilton, 
Geologist, Imperial Oil Ltd. 

Age—E. hamiltoni occurs with a con- 
siderable assemblage of Stropheodonta spe- 
cies including S. cf. tewensis Owen, S. cf. 
dorsata Stainbrook, S. cf. costata Owen, S. 
cf. littletonensis Stainbrook, S. cf. qguadra- 
tella Stainbrook; with Nervostrophia sp. nov., 
“Athyris angelica’ var. occidentalis Whit- 
eaves, Cyrtina billingst Meek, C. cf. tri- 
quetra Hall, Atrypa bremerensis Stainbrook, 
and A. gigantea Webster. Of these, the last 
named and the Stropheodonta species defi- 
nitely indicate a correlation with the Cedar 
Valley fauna of Iowa, and in general with 
the Middle Devonian. Typical Nervostrophia 
is mainly, but not entirely, Upper Devonian, 
and at this locality and in this association it 
makes its earliest appearance in Alberta; its 
date here could hardly be much earlier than 
late Middle Devonian. Cyrtina billings is 
peculiar to this zone, and distinguishes it 
from the lower zones in the Waterways; it 
is very close v0 C. missouriensis Swallow 
from Cedar‘ .lley equivalents. The species 
of ‘‘Athyris’’ is neither Athyris nor angelica; 
it appears t> be close to ‘‘Athyris vittata 
Hall” from the Cedar Valley which is 
neither Ath\~ts nor vittata; its exact date is 
not definitely indicated, although it con- 
nects the zone of F. hamiltoni with the sub- 
jacent zone of “‘Acrospirifer’”’ allani Warren, 


the dating of which by Warren as early 
Upper Devonian I cannot bring myself to 
accept. “‘A.” allani, though somewhat re- 
moved from typical Acrospirifer which does 
not occur in North America (unless, as is 
possible, ‘‘Spirifer’’ pinyonensis Meek be- 
longs), is unquestionably related to that 
genus. ‘‘A.”’ allani has all the internal 
structures of the genotype, A. primaevus 
Steininger, as well as the micro-ornament of 
radial threads without fringes (a distinction 
from the eastern American Lower Devonian 
“‘Acrospirifer’’ species); however, ‘A.” 
allani is very much narrower and neater 
than typical Acrospirifer, has a notably 
longer ventral palintrope and high, narrow 
delthyrium. If it is, as seems likely, a later 
development of the Acrospirifer stock, it is 
scarcely so different as to be very much 
later; it would be stretching probability to 
consider it to be later than late Middle 
Devonian. Furthermore, its zonal associates 
are Atrypa albertensis Warren, A. clarkei 
Warren, both peculiar to this zone and local- 
ity, A. cf. independensis Webster, Spino- 
cyrtia cf. capax Hall, ‘‘Athyris angelica” var. 
occidentalis Whiteaves, Centronella sp. nov., 
‘“‘Martinia” sublineata Meek ( =? Martinia 
halli Branson), which are probably species 
of Ambocoelia. A. independensis is typical of 
the basal Cedar Valley limestone, hence 
well down in the Middle Devonian at the 
latest. Spinocyrtia capax occurs in a higher 
zone in the Cedar Valley, and confirms the 
Middle Devonian correlation. The occur- 
rence of the ‘“‘Athyris’’ forms (which are not 
related to true Athyris) in both zones shows 








EXPLANATION OF PLATE 37 


Fics. 1-3, 10—Eleutherokomma beardi Crickmay, n. sp. 1, Paratype No. 2, from Imperial Paddle 


River No. 1 borehole, at 8090-8110 feet depth, mold of exterior of pedicle valve. The pos- 
terior margin is incomplete. Magnified to show micro-ornament, 10.0. 2, Paratype No. 1, 
from same source, mold of part of interior of pedicle valve, with some shell substance pre- 
serving the left mucro, X3.0. 3, Holotype, from same source, mold of exterior of brachial 
valve, with some shell substance still in place. The dorsal palintrope and the excessively fine 
mucrones have been lost in breaking the matrix. Magnified to show some of the micro- 
ornament, X6.0. 10, Paratype No. 3, a small portion of the surface more highly magnified 
to show micro-ornament, X 20.0. (p. 223) 


4-9—Eleutherokomma reidfordi Crickmay, n. sp. 4, Holotype, from Hay River, Northwest 


Territories, 14 miles from mouth, pedicle valve. Shell substanee encrusted with minute 
coralline and bryozoan calcareous deposits. The left mucro is complete. X2.2. 5-8, Para- 
type No. 1, from same locality, a specimen with both valves, much encrusted, extremities 
broken, X2.0. 5, Dorsal aspect. 6, posterior aspect. 7, anterior aspect. 8, left lateral aspect. 
9, Paratype No. 2, from same locality, brachial valve, external aspect. Both mucrones 
broken off. Magnified to show some micro-ornament, X3.2. (p. 224) 
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that these zones are close in date, however 
distinct. E. hamiltoni may well indicate a 
zone in middle Erian (or not far below mid- 
dle Givetian) or, in rougher terms, late, but 
not necessarily latest, Middle Devonian. 


ELEUTHEROKOMMA KILLERI 
Crickmay, n. sp. 
Plate 36, figures 4, 5 


Description.—Shell of average size for the 
genus, subequally biconvex, angularly ali- 
form in outline, with each extremity pro- 
duced into a strongly tapering, needle-sharp 
mucro. Lateral slopes narrow, with nine to 
twelve fine, rounded costae and furrows of 
like width, strength of costae decreasing 
gradually with distance from fold and sul- 
cus. Costae show strongly on internal sur- 
face of shell. 

Ventral valve strongly convex. Sulcus nar- 
row, bounded by strong costae, unmarked 
except by micro-ornament. Beak somewhat 
incurved. Interarea short. Delthyrium about 
60 degrees, open except for a neat, linear 
callus upon the inner face of the dental 
lamellae; the two opposing calluses remain- 
ing discrete. Hinge teeth comparatively 
small. Dental lamellae somewhat variable 
in length from one-fourth to one-third the 
length of the valve, stout, diverging strongly 
both toward the bases and toward the ante- 
rior. There is no trace of a median ridge. 

Dorsal valve only slightly less convex. 
Fold very narrow, but flaring broadly at its 
anterior end, prominent, its culmen flat to 
shallowly furrowed. Beak low, inconspic- 
uous. Notothyrium wide, very short. Cardi- 
nal process very small, rounded, vertically 
striate. Sockets narrow. Socket plates thin. 
Entirely anterior to the umbonal region 
there is a low, thin, dorsal median ridge. 

The exterior surface of the shell is covered 
with fire, close, concentric lamellae spaced 
4.3 to the millimeter, with no approximation 
toward the anterior commissure. Between 
the lamellae there are very faint, fine, con- 
centric micro-fila, almost too faint to be 
observed. The entire surface is also covered 
with fine radial threads (micro-striae), about 
ten to the millimeter. 

Measurements.—Holotype, width 29 mm.; 
length, 10 mm.; depth (ventral valve), 3 
mm. 
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Occurrence.—E. killeri occurs in the fine- 
grained limestone zone below the reefs, at a 
depth of 4430 to 4446 feet in Imperial Egre- 
mont No. 1? well, sec. 14, T. 58, R. 22, west 
of the 4th Meridian. It occurs also in Impe- 
rial Paddle River No. 1 borehole at 8420, 
330 feet below E. beardi. 

Name.—After Frederick A. Killer, Geolo- 
gist, Imperial Oil Ltd. 

Age.—The dating of this species is some- 
what uncertain. From 
viewpoint, it appears to be advanced as 
compared with E. hamiltoni, although little 
developed as compared with E. beardi. It 
occurs in strata roughly contemporaneous 
with those that yield the two following spe- 
cies. Latest Middle to earliest Upper Devo- 
nian is indicated in the discussion of F, 
beardi. It is plainly earlier than the latter. 


ELEUTHEROKOMMA LEDUCENSIS 
Crickmay, n. sp. 
Plate 36, figures 6-8 

Description.—Larger than the average of 
the genus, subequally biconves, strongly 
transverse, each extremity produced into a 
very long, slender mucro. Lateral slopes 
wide, flattened, with twelve to fifteen fine 
(or slender), rounded, prominent costae, 
which become increasingly slender with dis- 
tance from fold and sulcus. Costae scarcely 
show on internal surface of shell. 

Ventral valve strongly convex, somewhat 
angular. Sulcus bounded by strong costae, 
narrow, flaring at anterior edge, unmarked. 
Beak prominent, less incurved than in other 
species. Interarea notably longer than aver- 
age of genus. Delthyrium about 50 degrees, 
open except for a very faint development of 
linear callus as in E. killeri. Hinge teeth 
strong. Dental lamellae strong, of consider- 
able length (one-third length of valve), 
diverging widely toward anterior, parallel to 
third costa. A strong, sharp median ridge 
extends from near the beak across the cen- 
tral region of the internal surface. 

Dorsal valve somewhat less convex; less 
angular. Fold narrow, prominent, with a 
broad but very shallow median furrow inits 
anterior half. Beak sharp, not very conspic- 
uous. Interarea short. Notothyrium wide, 


2 Formerly known as Imperial Redwater No. 4. 
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short. Cardinal process low, flat, vertically 
striate. Socket plates large and massive. 
Umbonal region with little or no callus. A 
short, sharp median ridge extends anteriorly 
from the inferior edge of the cardinal process 
for a short distance. 

The exterior surface (except the palin- 
trope) is covered with fine concentric lamel- 
lae, spaced 2.3 to the millimeter, with some 
approximation at the anterior edge. Between 
each pair there are about six highly regular, 
concentric micro-fila. The surface is covered 
also with very fine radial threads (micro- 
striae), about fifteen to the millimeter, 
which cross the micro-fila, producing a 
microscopic quadrille pattern, and combine 
with the lamellae to produce a very fine 
fimbriate ornament. 

Measurements.—Holotype, width 60 mm.; 
length (dorsal valve), 11 mm. (the corre- 
sponding ventral valve would be about 13 
mm.); depth (dorsal valve), 2.5 mm. 

Occurrence.—E. leducensis occurs in the 
fine limestone zone below the dark shale 
zone; that is, below the equivalents of the 
D3 reefs, at a depth of 6058 to 6078 feet in 
Millet-Leduc No. 16-6 borehole in sec. 6, T. 
48, R. 24, west of the 4th Meridian. It 
occurs, although rarely in Imperial Egre- 
mont No. 1 well at 4440 feet with £. killert. 

Name.—From Leduc oilfield. 

Age.—The remarks concerning the last- 
species apply also to this one. Latest Middle 
to earliest Upper Devonian is indicated in 
the discussion of £. beardi. 


ELEUTHEROKOMMA BEARDI 
Crickmay, n. sp. 


Plate 37, figures 1-3, 10 


Description.—Shell of about average size, 
subequally biconvex, somewhat semicircular 
in outline, with extremities produced into 
exceedingly fine aculeiform mucrones. Lat- 
eral slopes of medium width, with nine to 
twelve delicate, rounded costae, the strength 
of which decreases with distance from fold 
and sulcus. Costae show with considerable 
strength on the internal surface. 

Ventral valve strongly convex. Sulcus 
bounded by strong costae, somewhat nar- 
row, unmarked. Beak strongly incurved. 
Interarea short. Delthyrium about 60 
degrees; open, without callus. Hinge teeth 
fine. Dental lamellae strong, diverging par- 
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allel to first furrow, about one-fourth the 
length of the valve. 

Dorsal valve only slightly less convex. 
Fold somewhat wider than in other species, 
evenly tapered, prominent, flat upon the 
culmen. Beak slightly more prominent than 
in other species. Interarea very short. Noto- 
thyrium not wide; very short. Cardinal proc- 
ess rounded, vertically finely striate. Socket 
plates strong. A very inconspicuous internal 
median ridge occupies the central region of 
the valve. 

The exterior surface is covered with fine 
concentric lamellae, spaced three to six to 
the millimeter. Between each pair are three 
or four exceedingly fine concentric micro- 
fila. The surface is covered also with fine 
radial threads (micro-striae), about ten or 
twelve to the millimeter. The intersection 
of these two sorts of fine ornament produces 
a sharp, though very delicate, fimbriate pat- 
tern, and, from some of the stronger inter- 
sections, short, delicate micro-spines arise. 

Measurements.—Holotype, width, 42.5 
mm.; length (dorsal valve), 9.5 mm. (the 
corresponding ventral valve would be 10.5 
mm.); depth (dorsal valve), 3 mm. 

Occurrence.—In the fine dark limestone 
zone, below the black shale, in Imperial 
Paddle River No. 1 borehole, at a depth of 
8090 to 8110 feet, in sec. 17, T. 56, R. 8, 
west of the 5th Meridian. 

Name.—After Gordon C. Beard, Geolo- 
gist, Imperial Oil Ltd. 

Age.—The dating of this species is only 
slightly more definite than that of the last 
two species, both of which occur in strata 
more or less contemporaneous with each 
other and with this. In the Imperial Paddle 
River No. 1 borehole the black shale zone 
occurs between depths of 7720 and 7980 
feet, and contains Tentaculites sp., Mantico- 
ceras cf. simulator Hall, Bactrites sp., etc. 
This is thought to be of early Upper Devo- 
nian age, by comparison with the position 
of Manticoceras simulator in New York. E. 
beardi occurs below that, hence is older. Like 
E. killeri and E. leducensis, it is plainly later 
than E. hamiltoni. Possibly it can be dated 
tentatively as latest) Middle or earliest 
Upper Devonian. E£. killeri is somewhat 
earlier, occurring 330 feet deeper at Paddle 
River. E. leducensis, a companion of E£. 
killeri, is also earlier. 
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ELEUTHEROKOMMA REIDFORDI 
Crickmay, n. sp. 
Plate 37, figures 4-9 


Description.—Shell of average size or 
larger, subequally biconvex, angularly ali- 
form in outline, with very tapering extremi- 
ties, produced into very long, needle-like 
mucrones. Lateral slopes wide, with eighteen 
to thirty rounded costae and slightly nar- 
rower furrows. Costae decrease in strength 
with distance from fold and sulcus; beyond 
the twelfth costae, they decrease greatly in 
length, tending to run not radially but par- 
allel. On the internal surface of the shell, 
costae show mainly toward the anterior 
edge; they are faint or absent in other re- 
gions. Shell substance thick. 

Ventral valve strongly convex. Sulcus of 
average width, evenly tapered, deep, sloping 
within to a narrow bottom, unmarked. Beak 
strongly incurved. Interarea short. Del- 
thyrium about 50 degrees, open except for 
a regular, massive callus. Hinge teeth stout 
and long. Dental lamellae strong, about one- 
third the length of the valve, reinforced with 
considerable callus in the umbonal cavities 
and with a very regular callus in the del- 
thyrial chamber, diverging strongly toward 
their bases, and diverging from the beak 
parallel to the second costa. Low median 
ridge only in young stages. 

Dorsal valve only slightly less convex. 
Fold somewhat narrow, slightly flaring, 
marked throughout most of its length from 
the anterior end by a shallow furrow. Beak 
stronger and slightly more conspicuous than 
in other species. Cardinal process divided by 
a slight central concavity, vertically striate. 
Sockets short, deep, roundish. Socket plates 
massive, curved, and reinforced with con- 
siderable callus in the rostral cavity. Median 
ridge extremely variable in its development: 
strong in some specimens, confined to the 
neanic stage in others. 

Exterior surface covered with fine, close, 
concentric lamellae, spaced about 4.5 to the 
millimeter on the average, although spacing 
is rather irregular, some being unaccount- 
ably closer or farther apart; in general they 
are farther apart on the umbonal region, and 
closer in the anterior region. Between the 
lamellae are two or three very faint, con- 
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centric micro-fila. The entire surface is coy- 
ered with fine radial threads (micro-striae), 
about seven to ten per millimeter. In the 
average preservation they tend to obliterate 
the micro-fila and to give the lamellae a 
fimbriate edge. 

Measurements.—Holotype, width, 59 mm.; 
length, 11.5 mm.; depth, 4 mm. Paratype Yo, 
1, width not preserved; length, 16 mm.; 
length (dorsal valve), 5 mm.; depth, 6 mm.,; 
depth (dorsal valve), 5 mm. 

Occurrence.—In lower part of Hay River 
shale, on Hay River, Northwest Territories, 
fourteen miles above its mouth. Occurs also 
three miles farther up Hay River. 

Name.—After Harry K. Reidford, Geolo- 
gist, Imperial Oil Ltd. 

Age.—E. reidfordi is advanced, from the 
evolutionary point of view, beyond the 
other species; this is most notable in certain 
ornament characteristics, such as increase 
in number of costae and the tendency to 
parallelism. It occurs in a zone directly sub- 
jacent to the earliest species of Cyrtospirifer 
which must be regarded as occurring well up 
in the Upper Devonian or Chemung (= 
late Senecan=late Frasnian). E. reidfordi 
cannot well be much earlier, since it is later 
than the “black shale’ zone; it may there- 
fore be of Finger Lakes age (early to mid- 
Frasnian). 


GENERAL CORRELATIONS 


Eleutherokomma ranges from later Middle 
into earlier Upper Devonian. There are 
named species and others that in due time 
will find their proper assignment to it. In 
view of its established stratigraphic range in 
the plains region of Alberta and in the 
Northwest Territories, Eleutherokomma 
should be looked for in the foothills and 
Rocky Mountain sections of Canada, where, 
so far, it has not been definitely identified, 
but where it may be expected directly above 
and directly below the Blackface Mountain 
shale, a “black shale’’ equivalent. It should 
be sought in late Middle and early Upper 
Devonian zones of the western United 
States, even as far east as Iowa and Mis- 
souri, in such formations as the Cedar 
Valley and the Shellrock, for there is abun- 
dant positive evidence (in part cited herein) 
of close Middle Devonian marine connection 
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petween Alberta, including the northwest 
part of the province, and the Iowa basin. 
There is no genuine evidence of any connec- 
tion in the Middle Devonian between New 
York and either Iowa or Alberta. Citations 
of Cyrtina hamiltonensis from Alberta and 
Athyris vittata from lowa as evidence of such 
a connection are in error for the reason that 
they are uncritical identifications. 


While the origin of Eleutherokomma may 
not be very clear, there is at least, a long 
record of its existence in northwest America, 
where it is an established native element 
throughout the early Upper Devonian. If it 
is Asiatic and reached Alberta in the Middle 
Devonian, it had avenues of migration, how- 
ever roundabout, even as far as New York 
in early Upper Devonian time. 
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A NEW SILURIAN HUGHMILLERIA FROM 
WEST VIRGINIA 


ERIK N. KJELLESVIG-WAERING 
Tulsa, Oklahoma 





ABSTRACT—A new eurypterid, based on three carapaces and detached abdominal 
segments, is described. The species, named Hughmilleria bellistriata, is from the 
Silurian Wills Creek formation of Hardy County, West Virginia. A complete list of 
described species of the genus Hughmilleria is included. 





URYPTERIDS are rare in the Appalachian 
E region south of Pennsylvania. Records 
reveal only scattered occurrences restricted 
to West Virginia, Maryland and Virginia. 
None are known south of these states. 

The first known eurypterid from this gen- 
eral region was reported by Shuler (1915, 
pp. 551-554) who described Wixopterus (?) 
alveolatus from the Ordovician Bays sand- 
stone at Lyons Gap, Virginia. Tilton and 
others (1927, p. 262) identified Eurypterus 
sp. in the Silurian Wills Creek formation 
near Bass, Hardy county, West Virginia. 
The most important contribution to our 
knowledge of eurypterids of this area, how- 
ever, was made by C. K. Swartz (1923, pp. 
716-718) who described Eurypterus flint- 
stonensis from the Silurian Tonoloway for- 
mation of Martin Mountain, Maryland, 
Hughmilleria sp. cf. shawangunk from the 
Silurian Wills Creek formation at Cumber- 
land, Maryland, several fragments of a pos- 
sible Pterygotus from the Silurian Keefer 
sandstone near Hancock, Maryland, and 
Dolichopterus cumberlandicus from the Wills 
Creek formation at Riverside and Cedar 
Cliff, West Virginia. 

In the early part of 1948, the present 
writer visited the locality previously dis- 
covered by Tilton and collected several frag- 
mentary eurypterids. These fossils are not 
common at this locality, but three carapaces, 
several abdominal segments and other small 
fragments were found. The carapaces and 
part of the abdominal fragments have been 
identified as representing a new //ughmil- 
leria, here named Jf. bellistriata, which 
apparently was the commonest element of 
the fauna at this locality. A fragment of an 
undoubted Pterygotus, probably represent- 
ing a small part of the coxa of the sixth 


appendage, indicates a form which probably 
reached an overall length of more than three 
feet. Another fragment representing the 
seventh joint of the sixth appendage of a 
Eurypterus was identified. The outline of 
this small fragment suggests a form not 
greatly unlike Eurypterus remipes DeKay of 
the Bertie waterlime of New York, but this 
determination is uncertain. 

The writer wishes to thank Mr. D. §, 
Holdcroft, Tulsa, Oklahoma, who kindly 
furnished the photographs of the specimens 
described. 


Class MEROSTOMATA (Dana) Woodward 
Order EuRyPTERIDA Burmeister 
Family PTERYGOTIDAE Clarke 
and Ruedemann 
Genus HUGHMILLERIA Sarle, 1902 
HUGHMILLERIA BELLISTRIATA 
Kjellesvig-Waering, n. sp. 

Plate 38, figures 1, 2. Text figure 1 


The species is based on three carapaces 
and two mesosomatic segments. The holo- 
type (plate 38, fig. 1) is preserved as a mold 
of the dorsal side of the carapace. The ante- 
rior margin has been destroyed, but the 
lateral eyes, ocelli, and almost the entire 
surface of the carapace, with well preserved 
ornamentation, is preserved. Another cara- 
pace (plate 38, fig. 2) is entirely preserved 
but greatly distorted. Its dorsal surface 
plainly shows two crushed eyes. Two im- 
prints of Lingula are present which appear 
as lateral eyes on the carapace and give the 
specimen the erroneous appearance of being 
a Eurypterus. The true marginal Hughmil- 
lerian eyes, however, distinctly occur ante- 
rior to the two brachiopod imprints. Another 
unfigured carapace shows only the right half 
of the dorsal side. The lateral eyes of this 
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specimen are only faintly apparent. The 
marginal rim of the carapace in both para- 
types is particularly well preserved. 

The prosoma is broad, evenly rounded at 
the anterior lateral angles and the anterior 
margin. Base straight, forming an approxi- 
mate right angle with the lateral margin. 
Lateral and anterior margins bounded by a 
thin, rounded, raised rim which gradually 
disappears toward the genal angles (see text 
figures 1a and 1b). 

Lateral eyes, reniform, intramarginal, 
located anteriorly on the carapace in front 
of the ocelli, which occupy a nearly central 
position. The eyes of the uncrushed holotype 
are 3.0 mm. long, 1.3 mm. wide, are located 
on the carapace, 5.4 mm. from the base, 2.0 
mm. from the lateral margin, 2.5 mm. from 
the anterior margin, and are 6.0 mm. apart 
at their anterior ends and 7.5 mm. apart 
posteriorly. The lateral eyes of the figured 
paratype are mostly too distorted for accu- 
rate measurement, but the right eye is 3.5 
mm. in length. Facets are not apparent. 

Ornamentation of the carapace consists 
of distinct transverse striations along the 
anterior part in front of the eyes. The 
remainder of the carapace appears to be 
smooth. 

The holotype measures 14.6 mm. in width 
across the base of the eyes, and 16.8 mm. at 
the base. This carapace is broken, but is 11.2 
mm. long, and is estimated to have had a 
complete length of 12.5 mm. The length- 
width ratio is about 7.4:10. The figured 
paratype is 9.8 mm. long, 15.6 mm. across 
the base of the eyes, and 17.4 mm. at the 
base. The unfigured carapace is 9.5 mm. long 
and is estimated to have been 13 mm. wide 
at the base. 

Two fragments of the mesosoma are 
known. One of these is part of an abdominal 
plate which clearly shows the transverse 
lines much like those on the carapace. The 
other fragment is part of a tergite which is 
bandlike, rounded at the anterior-lateral 
margins, and forms a right angle at the 
posterior epimeral angle. It is marked with 
transverse lines. 

These fragments indicate an_ overall 
length of about 70 mm. If this is the greatest 
size of the species, it is considerably smaller 
than most others of the genus. 

Horizon and locality——Occurs in shales 


and thin waterlime layers in the upper part 
of the Silurian Cayugan Wills Creek forma- 
tion on the east side of Elkhorn Mountain, 
one-third mile northwest, along a narrow 
road, of the church at Bass, Hardy County, 
West Virginia. Associated with Eurypterus 
sp., Pterygotus sp., Lingula, and marine 
ostracods. The eurypterids at this locality 
are fragmentary, and probably were derived 
from a fresh water source. Ripple marks and 
mud cracks are common in the rock. 














Fic. 1—Hughmilleria bellistriata Kjellesvig- 
Waering. (a), Restoration of prosoma; (b), 
lateral aspect of prosoma. 


Repository.—All specimens have been de- 
posited in the U. S. National Museum, 
Washington, D.C. 

Remarks.— Hughmilleria bellistriata is con- 
siderably different from other North Ameri- 
can species of this genus. The distinctly oval 
anterior margin, the transverse linear sculp- 
turing on the anterior part of the carapace, 
the intramarginal eyes, and apparent small 
size of the species, form the main specific 
characteristics. Hughmilleria shawangunk 
Clarke of the Shawangunk grit of New York 
and Pennsylvania has intramarginal eyes 
like H. bellistriata, but the carapace has an 
altogether different outline, being acute 
rather than rounded as in the latter. The 
genotype H. socialis Sarle has marginal eyes 
and an acute carapace which serve to sepa- 
rate it from the above described form. 
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A small distorted carapace from the Wills 
Creek formation on Wills Creek, Cumber- 
land, Maryland was described by C. K. 
Swartz (1923, pp. 716-717, pl. LXVI, fig. 2) 
as Hughmilleria sp. cf. shawangunk. This 


they are conspecific. 

A complete list of the eurypterids which, 
in this writer’s opinion, belong to the genus 
Hughmilleria is as follows (in alphabetica| 
order): 


Hughmilleria banksi (Salter) Silurian England 
bellistriata Kjellesvig-Waering Silurian West Virginia, Maryland (?) 
conicus (Laurie) Silurian Scotland 
kilfoylec Ruedemann Ordovician New York 
lanceolata (Salter) Silurian Scotland 
(?) lata Stérmer Silurian Norway 
(?) linearis (Salter) Silurian England 
magna Clarkeand Ruedemann Ordovician New York 
(2?) maria Clarke Silurian New York 
norvegica (Kizr) Silurian Norway 
pattenit Stérmer Silurian Saaremaa 
phelpsae Ruedemann Silurian New York 
prisca Ruedemann Ordovician New York 
(?) prominens Hall Silurian New York 
(?) pygmaea (Salter) Silurian & Devonian England, Germany 
shawangunk Clarke Silurian New York, Pennsylvania 
socialis Sarle Silurian New York 
socialis Sarle robusta Sarle Silurian New York 
sp. Hundt Silurian Germany 
sp. Stérmer Silurian Hitra, Norway 
trigona (Ruedemann) Silurian New York 
uticana Ruedemann Ordovician New York 


form has intramarginal eyes like H. bellis- 
triata but, unfortunately, it is distorted and 
gives the appearance of bring considerably 
more elongated and narrower than H. bel- 
listriata. Both forms occur in the same for- 
mation but were found at localities approxi- 
mately fifty miles appart. The position of 
the eyes and the small size suggests that 
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EXPLANATION OF PLATE 38 


Fics. 1, 2—Hughmilleria bellistriata Kjellesvig-Waering, n. sp., from the Silurian Wills Creek shale 
near Bass, Hardy County, West Virginia. /, Holotype, X2.5; 2, distorted prosoma, X2.3. 


(p. 226) 


3-6—Pterygotus floridanus Kjellesvig-Waering, n. sp., from the Upper Silurian, Suwannee 
County, Florida. 3, Core of shale with holotype, a fixed ramus, 0.6; 4, enlargement of 
same showing details of the dentition, X1.8. 5, Paratype, part of an abdominal plate, X0.6; 


6, enlargement of same showing details of ornamentation, 1.8. 


(p. 229) 
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A NEW SILURIAN EURYPTERID FROM FLORIDA 


ERIK N. KJELLESVIG-WAERING 
Tulsa, Oklahoma 





ABSTRACT—Fragments of the fixed ramus and abdominal segments of a large 
eurypterid were encountered in Silurian shales in a core taken at 3552-3568 feet 
from a well in Suwannee County, Florida. The species, here named Plerygotus flori- 
danus, represents the southernmost record of Eurypterida in North America. 





EcORDS of Eurypterida in North Amer- 
R ica are restricted to the northern half 
of the continent. Specimens have been re- 
ported from Labrador, the Maritime Pro- 
vinces, Quebec, Ontario, Maine, New York, 
Pennsylvania, Ohio, Indiana, Illinois, Wyo- 
ming, Montana, Nebraska, Kansas, Okla- 
homa, West Virginia, Maryland and Vir- 
ginia. However, by far the greatest number 
of specimens came from New York state. 

The southernmost occurrences in this con- 
tinent have been reported by Shuler (1915, 
p. 551), Swartz (1923, p. 716), Tilton (1927, 
p. 262) and Kjellesvig-Waering (see pre- 
ceding article), who described several Silu- 
rian forms, mainly fragmentary, from Vir- 
ginia, Maryland and West Virginia. From 
the middle Permian of northern Oklahoma, 
Decker (1938, p. 396) described Eurypterus 
oklahomensis, now considered by Kjellesvig- 
Waering (1948, p. 41) to be Lepidoderma 
sellardst (Dunbar). 

An unusual occurrence of Eurypterida in 
subsurface strata of northern Florida was 
revealed to the writer by G. Arthur Cooper, 
who also kindly made available the speci- 
mens here described. These are of consider- 
able interest inasmuch as the discovery 
extends the distribution of eurypterids in 
North America southward by more than five 
hundred miles. The fragments, consisting of 
a well preserved fixed ramus of the chelicera, 
and several large fragments of the abdomi- 
nal plates and tergites, represent a new 
Pterygotus, here named P. floridanus, which 
undoubtedly exceeded four feet in total 
length. The specimens were recovered in 
cores of Upper Silurian shale encountered in 
a test well drilled by the Sun Oil Company 
in Suwannee County, Florida. 

The writer is particularly indebted to G. 
Arthur Cooper, Curator of Invertebrate 


Paleontology and Paleobotany, U. S. Na- 
tional Museum, for loan of the specimens. 
He also wishes to thank Louise Jordan, 
paleontologist of the Sun Oil Company, 
Tallahassee, Florida, who kindly contrib- 
uted data and correlations of the strata 
encountered in the test well. The Sun Oil 
Company released the cores of their well to 
the U. S. National Museum. 


Class MEROSTOMATA (Dana) Woodward 
Order EURYPTERIDA Burmeister 
Family PTERYGOTIDAE 
Clarke and Ruedemann 
Genus PTERyGoTusS Agassiz 1839 
PTERYGOTUS FLORIDANUS 
Kjellesvig-Waering, n. sp. 

Plate 38, figures 3-6 


This species is based on the fixed ramus of 
the chelicera, considered the holotype of the 
species, and fragments of tergites and abdom- 
inal plates all belonging to an eurypterid 
of considerable dimensions. The greater por- 
tion of the fixed ramus is preserved, as 
attested to by the presence of 16 teeth. The 
distal end, possibly 2 cm. in length, was 
destroyed by the action of the core bit. The 
extreme base, adjoining the area of articula- 
tion with the free ramus, is likewise missing. 

The main body of the fixed ramus is rela- 
tively slender, definitely convex on the outer 
margin and concave on the inner edge, 
which is armed with numerous sharp teeth. 
It measures 62.0 mm. in total length and is 
11.0 mm. wide near the base, or place of 
attachment of the free ramus, but gradually 
narrows to 9.0 mm. in the midsection, and 
finally to 7.5 mm. at the distal end of the 
part preserved. The writer estimates, by 
comparison with the ramus of Pterygotus 
cobbi, that the complete ramus of the 
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Florida specimen was 90 mm. in length. No 
ornamentation occurs on its body. 

The teeth in general are of four distinct 
sizes. A long stout tooth, considerably larger 
than any other, occurs in the central part 
of the ramus and constitutes one of the main 
specific characteristics of this species. This 
tooth rises at approximately a-right angle, 
but the distal end, which is partly broken, 
curves slightly forward. The base of this 
tooth is 4 mm. wide and tapers gradually 
toward the curved distal end. The preserved 
part is 14 mm. long, but the complete tooth 
probably measured nearly 20 mm. in total 
length. 

There is another large tooth near the pos- 
terior end of the ramus. It is mostly broken 
away but is 3.5 mm. wide at the base. 

The next largest teeth occur on both sides 
of the large central tooth. These extend 
nearly at right angles to the ramus but are 
inclined slightly forward. All are less than 
half as large as the central tooth. The fore- 
most of this series measures 8.0 mm. in 
length and 2.5 mm. in width at the base. 

The third series of teeth occurs between 
the ones above described and all are less 
than 5 mm. in length. 

The smallest teeth are short, stout, but 
sharply pointed, and rise nearly at right 
angles from the ramus. All are less than 1.5 
mm. in length. No teeth are present on the 
distal part of the incomplete ramus, at least 
for a distance of 6.5 mm. from the most 
anteriorly located tooth. 

All teeth are striated with fine grooves. 

Three irregular patches of tergites or 
abdominal plates were recovered in the core. 
All have the same distinct ornamentation, 
and it is assumed that they belong to the 
same species as the associated fixed ramus. 
Only one of these patches is worthy of 
description. This fragment, apparently a 
small part of an abdominal plate, is about 
6 cm. long by 5 cm. wide. The ornamenta- 
tion is perfectly preserved. At the anterior 
edge of the plate a rather narrow band is 
marked by small semilunar typical Ptery- 
gotus scales not exceeding 0.5 mm. in width. 
The ornamentation abruptly changes and a 
band about 3 cm. wide is occupied by larger 
flattened scales 1.0 mm. to 2.0 mm. in 
width. In general, each of the scale-like 
structures is a low elevation on the integu- 
ment in the form of a slightly bent ridge 
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having its apex directed posteriorly, [p 
between the coarse scales are very fine semi- 
lunar scales differing from one another jp 
size, although none are more than one-tenth 
to one-twentieth the size of the coarse 
flattened scales. The zone of coarse scales 
gradually fades out backward, so that the 
posterior part of the plate is quite smooth. 

Pterygotus floridanus undoubtedly reached 
gigantic proportions. Clarke and Ruede- 
mann (1912, p. 374) estimate that P. cobbi, 
with a free ramus of 13 cm., had an overall 
length of slightly over 2 meters, or 6 feet, 
7 inches. These proportions are taken from 
complete specimens of other Pterygoti. P. 


floridanus, having an estimated length of 


the fixed ramus of 9 cm., probably measured 
about 1.4 meters or 4 feet, 7 inches in total 
length. The portion of the large abdominal 
plate likewise suggests a form of similar pro- 
portions. 

P. floridanus is similar in general charac- 
teristics to P. cobbi Hall of the Silurian 
Bertie waterlime of western New York and 
P. barrandei Semper of the Upper Silurian 
of Bohemia. It differs from P. cobbi, how- 
ever, in the greater development of the 
central tooth and there are minor differences 
in the arrangement of the lesser teeth of the 
free ramus. It differs similarly from P. 
barrandei, and also seems to have had a more 
slender fixed ramus. 

Repository —The specimens _ described 
above are in the collections of the U. S. 
National Museum, Washington, D. C. 

Horizon and locality—The eurypterid 
fragments are from a core taken in the Sun 
Oil Company’s No. 1 J. H. Tillis well, 
C-SE1-SW1}, sec. 28, T 2 S, R 15 E, Suwan- 
nee County, Florida. This well was com- 
menced on August 7, 1947, and was aban- 
doned as a dry hole on September 1, 1947, at 
a total depth of 3571 feet. 

Louise Jordan (personal communication, 
December 13, 1948), who examined the 
sample cuttings and cores, reports the fol- 
lowing strata penetrated: 


Spudded in Miocene sands 

100-110 feet: Top Oligocene (by cuttings) 

190-200 feet: Top Ocala (Eocene) (by cut- 
tings) 

Top Cretaceous (by electric log) 

Top Lower Cretaceous (by 
electric log) 

Top Paleozoic (by electric log) 


1772 feet 
3332 feet: 


3490 feet: 
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Sixteen feet of core was recovered between 
3552-3568 feet, which consisted of soft 
black shale with eurypterid fragments, 
Tentaculites and fragments of thin-shelled 
pelecy pods. Jordan reports that similar 
weathered material was cored between 
3494-3502 feet. Paleozoic strata 81 feet 
thick were penetrated immediately beneath 
Lower Cretaceous conglomerate. 

The Paleozoic cores were sent to G. Ar- 
thur Cooper, who identified the shale as Up- 
per Silurian on the basis of the eurypterid 
and molluscan fossils. The writer agrees 
with this correlation because of the obvious 
similarity of P. floridanus to the Upper Silu- 
rian P. cobbi and P. barrandei. 
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CARBONIFEROUS PLANT SPORES FROM 
DAGGETT COUNTY, UTAH 


MART P. SCHEMEL 
Missouri Geological Survey and Water Resources, Rolla 





Asstract—Post-Madison, pre-Belden plant spores from Daggett County, Utah, 
are described and illustrated. The assemblage is compared to British, Polish, and 
Russian assemblages of similar age. Two new genera are proposed, Rotaspora and 


Tripartites. 





ECENT studies of plant spores of Penn- 
R sylvanian coals of the United States 
have provided useful information concerning 
the distribution of genera and species and 
have indicated that these microfossils are of 
value in the correlation of coal beds. Kosanke 
(1947), working with Illinois coals, and 
Cross (1947), working with West Virginia 
and Kentucky coals, have strongly sug- 
gested that plant spores may be used in 
both regional and interregional correlations. 
Pennsylvanian microfloral zones are appar- 
ently now in the process of being defined 
with some precision for this purpose. 

Numerous coal and carbonaceous shale 
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Fic. /—Outline map showing the location of 
Lucerne Valley. 


beds of Mississippian age are present in the 
United States, but the study of plant spores 
from these beds has been neglected. The 
purpose of this paper is to record a spore 
assemblage of probable Mississippian age 
which contains spore types not previously 
described from the United States. Similari- 
ties between these microfossils and those 
reported from British, Polish, and Russian 
localities probably indicate similarity of the 
widely separated floras. If this conclusion is 
accepted we shall have reason to regard this 
type of plant microfossil as much more 
significant geologically for long range cor- 
relations than has been generally recognized. 
In any event, these spore forms suggest a 
more diversified Carboniferous flora in Utah 
than there was evidence of before. 

M1. P. M. McMinn, a graduate student 
at the University of Wisconsin, furnished 
the coal sample from which the plant micro- 
fossils were obtained. Most of the work for 
the present paper was completed while I 
was a graduate student at the University of 
Wisconsin in 1948. I am indebted to R.M. 
Kosanke, of the Illinois Geological Survey, 
and to J. M. Schopf, of the United States 
Geological Survey, for reading my manu- 
script and giving valuable advice and 
criticism. All type and illustrated specimens 
are deposited at the Missouri Geological 
Survey, Rolla, Missouri. 


COLLECTING LOCALITY AND 
STRATIGRAPHY 


The coal sample from which the plant 
microfossils were obtained was collected by 
Mr. P. M. McMinn in the summer of 1947. 
The sample was taken from a digging 
located in the NE cor., SW sec. 11, T. 2 N., 
R. 18 E., Daggett County, Utah (fig. 1). 
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This locality is on the west side of Lucerne 
Valley approximately four miles west of 
Thompson’s (1945) Sheep Mountain Can- 
yon locality. 

* Information concerning the stratigraphy 
of this locality was obtained by personal 
communication with Mr. P. M. McMinn 
and from his unpublished Master's thesis. 
The coal bed is approximately two feet 
thick and lies near the base of a shale section 
approximately 20 feet thick. The top and 
bottom contacts of this shale are obscured 
by cover. The coal bed lies approximately 
190 feet below the base of the Belden forma- 
tion, which is about 500 feet thick at this 
locality, and approximately 550 feet above 
the top of the Madison formation, which 
has about 300 feet of exposed thickness. No 
detailed correlation can be made for the 
beds between the Madison and Belden 
formations at this locality at the present 
time. 

The Belden formation is correlated with 
the type Morrow of Arkansas by Thompson 
(1945). The Madison formation is con- 
sidered late Kinderhookian and Osagean in 
age, but as noted by Weller et al. (1948), 
no satisfactory detailed correlation with the 
Mississippi Valley section is possible at this 
time. Stratigraphic evidence indicates that 
the Daggett County coal is Meramecian, 
Chesterian, or Springeran in age. 


HISTORICAL REVIEW 


Very few papers have been published 
concerning spores of comparable age. The 
following papers seem most pertinent for 
comparison with the microfossil assemblage 
reported here from Daggett County. 
Reinsch (1884) described spores and other 
microfossils from coals of Russia and 
Saxony. Precise information concerning the 
geologic occurrence of many of his forms is 
Jacking, but Reinsch’s work is nevertheless 
valuable for comparative purposes. Berry 
(1937) described fourteen species of small 
spores from the ‘‘Pennington coal’’ of Rhea 
County, Tennessee. This coal was consid- 
ered upper Chesterian in age, although the 
exact horizon of the bed from which the 
assemblage was obtained is unknown. 
Zerndt (1937) described megaspores from 
the coals of the Marginal group of the 
Polish coal basin. Raistrick (1938) described 





small spores from coals between the Cement- 
stone series and the Millstone Grit of 
Northumberland. Luber and Waltz (1938) 
have included a considerable number of 
small spores from coals of Tournaisian and 
Visean, as well as Westphalian, age in 
several coal basins of the U.S.S.R. Knox 
(1947) reported on small spores from coals 
of the Limestone Coal group of Scotland. 


COMPOSITION OF THE ASSEMBLAGE 


The spore assemblage from Daggett 
County, Utah, contains representatives of 
eight genera that have been established for 
isolated plant spores. Two new genera are 
proposed for forms that appear to be 
excluded from previously described genera. 
Two other forms are described but not 
assigned because insufficient material is at 
hand to warrant it. A number of forms are 
withheld for further study, but these are 
somewhat generalized and their omission 
does not affect the general aspect of the 
assemblage. 

Previously described genera recorded are: 
Triletes, Punciati-sporites, Granulati-s porites, 
Laevigato-sporites, Denso-sporites, Endospo- 
rites, Lycospora and Calamospora. Repre- 
sentatives of these genera have been 
described from Carboniferous coals of other 
areas, although usually not under the present 
classification. Two new genera, Rotaspora 
and Tripartites, are proposed for forms 
from the Daggett County assemblage. As 
noted in the specific descriptions, these 
genera may include several forms described 
under non-taxonomic systems from Missis- 
sippian coals of other areas. 

A statistical analysis of the small spores 
of the assemblage indicates the relative 
abundance of specimens assigned to the 
dominant genera. The following figures are 
taken from data compiled in the examina- 
tion of all specimens (4.146) present on six 
slides chosen at random from the collection. 


Denso-sporites 92.3% 
Tripartites, n. gen. 2.2% 
Punctati-sporites 1.8% 
Granulati-sporites 1.59, 
Rotaspora, n. gen. 1.4% 
Others 0.8% 


The great abundance of Denso-sporites 
spores indicates that their parent plants 
had a great numerical superiority to the 
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other plants or their parent plants produced 
relatively more spores than the others. 
Unfortunately, spores of the Denso-sporites 
type have not been recognized in connection 
with fructifications and thus their affinity is 
unknown. Schopf, Wilson, and Bentall 
(1944) discussed the affinities of the various 
spore genera and from their conclusions the 
general nature of the flora represented by 
the assemblage may be postulated. It is 
probable that the vegetation which made up 
the coal bed included filicineans, calama- 
rians, cordaitaleans, pteridosperms, and 
lvcopsids. 


COMPARISON OF MISSISSIPPIAN 
SPORE ASSEMBLAGES 


It is difficult to compare the Mississippian 
spore assemblages on a generic and specific 
basis, as each investigator has used a dif- 
ferent method of classification. Reinsch 
(1884) used a rather complex numerical 
system for designating various forms and 
their relationships and grouped most of his 
types under Trileteae. Berry (1937) and 
Zerndt (1937) used binomial systems of 
classification and their genera and species 
have been discussed and evaluated by 
Schopf, Wilson, and Bentall (1944). Rai- 
strick (1938) used an alphabetical-numerical 
system devised by Raistrick and Simpson 
(1933) which can only be approximately 
identified with the Schopf, Wilson, and Ben- 
tall (1944) generic groups. Knox (1947) used 
Raistrick and Simpson’s (1933) system in 
part and in part a numerical system of her 
own. While the individual spores described 
under these non-taxonomic systems often 
can be assigned to spore genera with some 
certainty, specific determinations are usu- 
ally hazardous. Luber and Waltz (1938) 
used a binomial system based upon Ibra- 
him’s (1933) system. Their paper was not 
available to Schopf, Wilson, and Bentall 
(1944) for consideration in their synopsis. 

Certain characteristics, however, may be 
noted which are common to the Missis- 
sippian spore assemblages described in the 
papers listed above and the assemblage 
obtained from Daggett County. There is 
usually a low percentage or complete 
absence of small spores of the Laevigato- 
sporites type. Raistrick (1938) is the only 
author who noted their occurrence in Mis- 


MART P. SCHEMEL 


sissippian coals. Kosanke (1947) did not 
record their occurrence below the Reynolds. 
burg coal bed (Caseyville) in Illinois. Mis. 
sissippian assemblages usually include a 
high percentage of small spores of the Denso. 
sporites and similar types with the coat 
greatly thickened at the equator. Small 
spores of the Punctati-sporites, Reticulati- 
sporites, Triquitrites, Reinschospora, and 
Raistrickia types vary greatly in abundance 
from complete absence to sub-dominance, 
There is usually a low abundance or com. 
plete absence of small spores of the Lyco- 
spora, Calamospora, Endosporites, and Cir- 
ratriradites types. Many of the small spores 
treated under non-taxonomic systems have 
been inadequately described and for this 
reason some question arises regarding their 
alliance with established genera. 

It is extremely hazardous to attempt to 
establish conspecific identity between the 
spores investigated and those described in 
the literature. The majority of the species 
which have been described are established 
with inadequate descriptions and _illustra- 
tions and it will be necessary to examine the 
type specimens before the present confusion 
regarding the nomenclature is resolved. At 
this stage of knowledge I hesitate to make 
conspecific identifications with material 
from distant sources unless the structures 
appear quite specialized, as in Triletes 
agnina (Zerndt) Schopf, Wilson, and Ben- 
tall, 1944. This species, and others by 
Zerndt, were described in minute detail and 
illustrated by excellent photomicrographs. 
The greater portion of spores have been 
described in a cursory manner and illus- 
trated by line drawings. In view of these 
difficulties, those forms which, in my 
opinion, could possibly be conspecific with 
established species are mentioned compara- 
tively. Later studies should show whether 
they are the same or should be described as 
new species. These forms are, for the most 
part, highly generalized, and probably will 
be of lesser stratigraphic significance unless 
they are abundant enough to be interpreted 
ecologically. 

Triletes agnina (Zerndt) Schopf, Wilson, 
and Bentall, 1944, and Triletes radiosus 
Schopf, Wilson, and Bentall, 1944, were 
described by Zerndt (1937) from_-coals of the 
Marginal group (Namurian) of the Polish 
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coal basin. These two species are not recog- 
nized from the Anticlinal group (Zerndt, 
1934, 1937) which thus fixes the upper limit 
of these species in Poland. Spores which are 
apparently congeneric to Tripartites, n. gen., 
have a somewhat restricted range according 
to several authors. Raistrick (1938) noted 
the occurrence of this type of spore only in 
the Shilbottle coal bed of the middle Lime- 
stone group in his investigation of coals 
from the Cementstone series to the upper 
Limestone group in Northumberland. Knox 
(1947) noted its occurrence in coals of the 
Limestone Coal group in Scotland and 
stated that it had not been found in the 
Productive Coal Measures. Luber and 
Waltz (1937) described this type of spore 
from Tournaisian-Viséan coals but did not 
note its occurrence in the Westphalian coals 
of the U.S.S.R. This type of spore is appar- 
ently restricted to pre-Namurian coal beds 
in Great Britian and Russia. 

Further work may indicate that other 
forms present in the Daggett County coal 
bed are of more value in specific correlations, 
but at present the chief reliance must be 
placed on the forms discussed above and the 
general features of spore morphology. The 
small spore assemblage most closely resem- 
bles those described from Great Britian and 
Russia of Viséan age, but the bizarrely 
ornamented forms described from Tournai- 
sian coals of Russia are not represented. 
From this very meager evidence, it is con- 
cluded that the Daggett County coal bed is 
probably Chesterian or Springeran in age. 
The assemblage described by Berry (1937) 
does not include forms which can be con- 
sidered diagnostic at the present time. 


SYSTEMATIC DESCRIPTIONS 
Genus TRILETES (Reinsch) Schopf 
Triletes REINSCH, 1881, Neue Unterschungen 
Uber d. Mikrostruktur der Steinkohle, pl. 11, 
figs. 1-10, 15, 16.—emend. ScHorr, 1938, 
Illinois Geol. Survey Rept. Inv. 50, pp. 17-18. 


Genotype.—Triletes reinschi (Ibrahim) 
Schopf, by designation of Schopf, 1938, p. 18 


TRILETES AGNINA (Zerndt) Schopf, 
Wilson and Bentall 
Plate 39, figures 1, 2 


Lagenicula agnina ZERNDT, 1937, Acad. polonaise 
sci. Trav. Geol. no. 3, p. 14, pls. 21-22. 


Triletes agnina (ZERNDT), SCHOPF, WILSON and 
BENTALL, 1944, Illinois Geol. Survey Rept. 
Inv. 91, p. 20. 

Description.—Spores trilete, radial; circu- 
lar to subcircular in transverse plane; diam- 
eter 816 to 1360 microns; surface of spore 
coarsely rugose, verrucose, protuberances 
approximately 18 microns high, 20 to 50 
microns in diameter, and irregular in out- 
line; apical portions of pyramic segments 
moderately elongated, much thickened, and 
upraised apical portions demarcated as a 
vestibule; coarser tubercules appear oppo- 
site terminations of the trilete rays; trilete 
rays rather short, extend one-third to one- 
fourth the diameter of the compressed spore. 

Occurrence.—Coals of the Marginal group 
of the Polish coal basin; post-Madison, pre- 
Belden coal of Daggett County, Utah. 


TRILETES cf. T. RADIOSUS Schopf, 
Wilson and Bentall! 
Plate 39, figures 3, 4 
Triletes radiatus ZERNDT, 1937, Acad. polonaise 
sci. Trav. Geol. no. 3, p. 10, fig. 7, pl. 13, figs. 


1-15. 
Triletes radiosus SCHOPF, WILSON and BENTALL, 
1944, Illinois Geol. Survey Rept. Inv. 91, p. 62. 


Description.—Spore trilete, radial; circu- 
lar to subcircular in transverse plane; diam- 
eter 500 to 800 microns; surface of spore 
granulose to minutely tuberculate; equa- 
torial flange composed of flat filaments, 
simple or one or more times divided, appar- 
ently not fused at extremities; trilete rays 
extend to equatorial flange, lips elevated 
approximately 50 microns and _ plicated 
throughout their length. 

Remarks.—Zerndt's original description 
and illustrations of Triletes radiosus indicate 
that the interradial areas of the spore body 
are coarsely tuberculate, which is at vari- 
ance with the single specimen observed in 
my collection. Because only a single speci- 
men has been found, it has been impossible 
to adequately describe a new species, if such 
a treatment is warranted. Since its status is 
in doubt, the specimen from Daggett 
County, Utah, is questionably assigned to 


1 Triletes radiatus Zerndt, 1937, is a later 
homonym conflicting with Sporonites radiatus 
Ibrahim, 1932, when the later was transferred to 
Triletes by Schopf, Wilson, and Bentall, 1944, as 
they reported in a note on page 24. They proposed 
the new name indicated above. 
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Triletes radiosus Schopf, Wilson, and Ben- 
tall, 1944. 

Occurrence.—Coals of the Marginal group 
of the Polish coal basin; post-Madison, pre- 
Belden coal of Daggett County, Utah. 


Genus PUNCTATI-SPORITES 
(Ibrahim) Schopf, Wilson 
and Bentall 
Punctati-sporites, IBRAHIM, 1933, Sporenformen 
des Aegirhorizonts, p. 21.—emend. ScHopr, 
WILson and BENTALL, 1944, Illinois Geol. 
Survey Rept. Inv. 91, pp. 29-32. 


Genoty pe-—Punctati-s porites punctatus 
(Ibrahim) Ibrahim, by designation of Ibra- 
him, 1933, p. 21. 


PUNCTATI-SPORITES UTAHENSIS 
Schemel, n. sp. 
Plate 39, figure 6 


Description.—Spores trilete, radial; circu- 
lar to subcircular in transverse plane; diam- 
eter 45 to 75 microns; surface of spore 
rather coarsely punctate; trilete rays 15 to 
21 microns long, one ray usually about 4 
microns longer than other two, lips not 
developed in usual manner, but as tapering 
swells broadening away from point of inter- 
section of trilete rays. 

Remarks.—The holotype is the only speci- 
men observed with good proximo-distal 
orientation. The photograph shows the 
specimen in optical section, as do all other 
photographs of the small spores. 

Occurrence.—Post-Madison, pre-Belden 
coal of Daggett County, Utah. 


PUNCTATI-SPORITES sp. A 
Plate 39, figure 5 


Description.—Spores trilete, radial; sub- 
triangular in transverse plane, corners 
rounded, sides slightly to strongly convex; 
diameter 55 to 60 microns; surface of spore 
laevigate; pyramic areas slightly granulose 
and slightly thicker than remainder of spore 
wall, apical portions of pyramic segments 
slightly upraised; trilete rays two-thirds the 
length of the radius, lips not modified. 

Remarks.—This species is represented by 
two specimens observed in my collection. 
‘The photograph is rather poor in that suf- 
ficient depth could not be obtained to illus- 
trate clearly the upraised pyramic segments 
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and the body proper. The suture of the 
specimen is actually closed. The thickeneg 
pyramic area is rather unusual for spores of 
the Punctati-sporites type. This species rp. 
sembles Punctati-sporites sphaerotrianguly. 
tus (Loose) Schopf, Wilson, and Bentalj 
1944, in size, shape, and trilete suture, by 
the latter species apparently does not have 
a thickened pyramic area. 
Occurrence.—Post- Madison, 

coal of Daggett County, Utah. 


pre-Belden 


PUNCTATI-SPORITES sp. B 
Plate 39, figure 7 


Description.—Spore trilete, radial; circy. 
lar in transverse plane; diameter approxi. 


mately 55 microns; surface of spore laeyj. | 
gate; trilete rays extend to within 4 microns | 


of the equator; lips not modified. 
Remarks.—This species is represented bya 
single specimen observed in my collection, 
The extreme length of the trilete rays js 
rather unusual in comparison with other 
described species of this genus, but the geno- 
type, Punctati-sporites punctatus (Ibrahim) 
Ibrahim, 1933, has trilete rays with the same 
general length relationship to the diameter 
of the spore body. 
Occurrence.—Post- Madison, 
coal of Daggett County, Utah. 


pre- Belden 


PUNCTATI-SPORITES sp. C 





Plate 39, figure 8 


Description.—Spore trilete, radial; circu- | 


lar in transverse plane; diameter approxi- 
mately 65 microns; surface of spore laevi- 
gate to minutely punctate; trilete rays 
approximately 18 microns long; trilete lips 
well developed, approximately 2 microns 
wide and flaring away from suture at ex- 
tremities. 
Occurrence.—Post- Madison, 

coal of Daggett County, Utah. 


pre- Belden 


PUNCTATI-SPORITES sp. D 
Plate 39, figure 9 


Description.—Spore trilete, radial; circu- 
lar in transverse plane; diameter approxi- 
mately 55 microns; surface of spore laevi- 
gate to minutely punctate; trilete rays 
approximately 15 microns long; trilete lips 
not modified. 

Occurrence.—Post-Madison, 
coal of Daggett County, Utah. 


— 


pre-Belden | 





ire of the 
thickened 
r Spores of 
sPECies re. 
trianguly. 
| Bentaly 
iture, by 
not have 


re- Belden 


al; circy. 
approxi- 
re laeyj. 
- microns 


ited bya 
lection, 

rays is 
h other 
he geno- 
brahim) 
he Same 
iameter 


-Belden 





; Circu- | 
pproxi- 
» laevi- 
2 rays 
‘te lips 
licrons | 
at ex- 


3elden 


circu- 
proxi- 
laevi- 

rays | 
e lips 


elden 











CARBONIFEROUS PLANT SPORES 237 


PUNCTATI-SPORITES sp. E 
Plate 39, figure 10 


Description.—Spore trilete (?), radial; cir- 
cular in transverse plane; diameter approxi- 
mately 56 microns; surface of spore coarsely 
reticulate, lumina very irregular in outline, 
approximately 4 by 6 microns in size, muri 
approximately 2 microns wide, do not 
thicken at junction points; trilete rays not 
observed. 

Remarks.—This species is represented by a 
single specimen observed in my collection. 
Punctati-sporites sp. D appears to be related, 
at least in part, to spores assigned to Rai- 
strick and Simpson’s (1933, p. 228, fig. 1) 
group F by Raistrick and Simpson (1933) 
and Raistrick (1934). This species is also 
similar to forms illustrated by Knox (1939, 
figs. 48, 49) in her comparison of Carbonif- 
erous spores to spores of living mosses. This 
species may be related to Zonala-sporites 
taciturnus (Loose) Loose, 1934, which was 
set in incertae sedis by Schopf, Wilson, and 
Bentall, 1944. Loose’s description and draw- 
ings are, however, somewhat difficult to 
interpret. The reference of my specimen to 
Punctati-sporites may be questioned because 
of the nature of its reticulation. The lack of 
material hinders any other treatment of this 
specimen at this time. 

Occurrence.—Post- Madison, 
coal of Daggétt County, Utah. 


pre-Belden 


Genus GRANULATI-SPORITES 
(Ibrahim) Schopf, Wilson 
and Bentall 
Granulati-sporites IBRAHIM, 1933, Sporenformen 
des Aegirhorizonts, p. 21.—emend. ScnHopr, 
WILSON and BENTALL, 1944, Illinois Geol. Sur- 
vey Rept. Inv. 91, pp. 32-33. 
Genotype.—Granulati-sporites granulatus 
Ibrahim, by designation of Ibrahim, 1933, 
p. 21 


GRANULATI-SPORITES cf. 
G. GRANULATUS Ibrahim 
Plate 39, figure 14 


Granulati-sporites granulatus IBRAHIM, 1933, 


Sporenformen des Aegirhorizonts, p. 22, pl. 6, 

fig. 51 

Description.—Spores trilete, radial; tri- 
angular in transverse plane; diameter 25 to 
35 microns; surface of spore finely granulose 
to weakly punctate; trilete rays approxi- 


mately two-thirds the length of the radius, 
lips not modified. 

Remarks.—Cross (1947, pl. V, fig. 172) 
illustrated a specimen measuring 20 by 24 
microns that he termed Granulati-sporites 
granulatus Ibrahim, 1933. I believe that this 
specimen is different enough from the type 
of G. granulatus that it should be assigned 
to some other species. The form Cross illus- 
trated possesses a distinct spinose, not 
granulose, ornamentation. Ibrahim’s orig- 
inal description states: ‘‘Oberflaiche fein 
granuliert bis punktiert,’’ and his illustra- 
tion indicates weak granulation. Cross’s 
illustrated specimen and my specimens, in 
any event, do not appear to be conspecific. 

Occurrence.—Coals of the Westphalian B 
zone of the Ruhr district of Western Ger- 
many; post-Madison, pre-Belden coal of 
Daggett County, Utah. 


GRANULATI-SPORITES cf. 
G. MICROSAETOSUS 
(Loose) Schopf, Wilson 
and Bentall 
Plate 39, figure 11 


Sporonites microsaetosus Loose, 1932, Neues 
— Beilage-Band 67, Abt. B, p. 450, pl. 18, 
g. 40. 


Setosi-sporites microsaetosus (LOOSE) IBRAHIM, 
1933, Sporenformen des Aegirhorizonts, p. 26. 
—LooseE, 1934, Inst. Paliobot. Arb., vol. 4, no. 
3. p. 148. , 

Granulati-sporites microsaetosus (LOOSE) SCHOPF, 
WILson and BENTALL, 1944, Illinois Geol. 
Surv. Rept. Inv. 91, p. 33. 
Description.—Spores trilete, radial; sub- 

triangular in transverse plane, corners 

rounded, sides slightly convex to slightly 
concave; diameter 30 to 40 microns; surface 

of spore saetose to spinose, spines 2 to 3 

microns long, 2 to 3 microns wide at the 

base, equilateral in outline; trilete rays two- 
thirds the length of the radius, lips not 
modified. 

Remarks.—Luber and Waltz (1938) de- 
scribe a form from the Karaganda basin 
which they consider conspecific to A piculati- 
sporites microspinosus \brahim. Their de- 
scription and illustration (p. 24, pl. 5, fig. 
64) lead me to believe that their form is con- 
specific with Granulati-sporites microsaeto- 
Sus. 

Occurrence.—Coals of the Westphalian B 
zone of the Ruhr district of Western Ger- 
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many; post-Madison, pre-Belden coal of 
Daggett County, Utah. 


GRANULATI-SPORITES INFLATUS 
Schemel, n. sp. 
Plate 39, figure 13 


Description.—Spores trilete, radial; del- 
toid in transverse plane, corners broadly 
rounded, sides slightly to strongly convex; 
diameter 30 to 47 microns; surface of spore 
laevigate; trilete rays approximately three- 
quarters the length of the radius, lips not 
modified. 

Remarks.—The holotype illustrates the 
average convexity of the sides. This species 
closely resembles Deltoidospora cascadensis 
Miner, 1935, from Lower Cretaceous coals 
of Montana, and Sporonites neddeni Potonié 
1931, from Tertiary brown coals of Ger- 
many. The great difference in age of these 
species makes it unlikely that they belonged 
to the same species of parent plants. Fur- 
thermore, work by Loose, Ibrahim, Wilson, 
and others on Middle and Upper Pennsy!- 
vanian coals has not revealed small spores 
of this type. This is a generalized form which 
has characteristics common to both Granu- 
lati-sporites and Punctati-sporites. It is 
placed in Granulaii-sporites because of its 
small size. 

Occurrence.—Post- Madison, 
coal of Daggett County, Utah. 


pre-Belden 


GRANULATI-SPORITES sp. A 
Plate 39, figure 12 


Description.—Spore trilete, radial; deltoid 
in transverse plane, corners rounded, sides 
straight to moderately concave; diameter 42 
to 53 microns; surface of spore moderately 
punctate, toward the apex pyramic areas 
lack ornamentation; trilete rays approxi- 
mately 15 microns long, lips not modified. 

Remarks.—This species is represented by 
a single specimen observed in my collection. 
I am not aware of any previously described 
or illustrated spore which closely resembles 
this form. 

Occurrence.—Post- Madison, 
coal of Daggett County, Utah. 


pre-Belden 


GRANULATI-SPORITES sp. B 
Plate 39, figure 15 


Description.—Spore trilete, radial; sub- 
triangular in transverse plane, corners 
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rounded, sides moderately concave; diam. 
eter approximately 40 microns; pyramic 
areas slightly flattened for a distance of 
approximately 6 microns on both sides of 
individual trilete rays; surface of spore 
laevigate to minutely punctate; trilete rays 
approximately 15 microns long; lips not 
modified. 

Remarks.—This species is represented by 
a single specimen observed in my collection, 
Its reference to Granulati-sporites may be 
questioned because of the flattened nature 
of the pyramic area which is unlike other 
described species of this genus. The lack of 
material prevents possible assignment to a 
new genus at this time. Granulati-sporites 
sp. B. resembles Raistrick and Simpson's 
(1933, p. 228, fig. 1) spore type Dy, which 
has the same type of ornamentation. IIlus- 
trations of this type indicate a flat pyramic 
area. 

Occurrence.—Post-Madison, 
coal of Daggett County, Utah. 


pre-Belden 


Genus LAEVIGATO-SPORITES 
(Ibrahim) Schopf, Wilson 
and Bentall 


Laevigato-sporites IBRAHIM 1933, Sporenformen 
des Aegirhorizonts, p. 39.—emend. Scnopr, 
WILSON and BENTALL, 1944, Illinois Geol. Sur- 
vey Rept. Inv. 91, pp. 36-37. 


Genotype.—Laevigato-sporites vulgarts 
(Ibrahim) Ibrahim, by designation of Ibra- 
him, 1933, p. 39. 


LAEVIGATO-SPORITES sp. A 
Plate 40, figure 1 


Description.—Spore monolete, bilateral; 
elongate oval in plane of longitudinal sym- 
metry; length, 55 microns, width, 35 mi- 
crons; surface of spore saetose to spinose, 
spines 2 to 3 microns long, 2 to 3 microns 
wide at the base, equilateral in outline; 
monolete suture 45 microns long. 

Remarks.—This species is represented by 
a single specimen observed in my collection. 
Its ornamentation is similar to that of speci- 
mens of Granulati-sporites cf. G. micro- 
saetosus (Loose) Schopf, Wilson, and Ben- 
tall, 1944, observed in my collection. 

Occurrence-—Post-Madison, _ pre-Belden 
coal of Daggett County, Utah. 
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CARBONIFEROUS PLANT SPORES 


Genus DENSO-SPORITES (Berry) 
Schopf, Wilson and Bentall 
Denso-sporites BERRY, 1937, Amer. Midland 
Naturalist, vol. 18, no. 1, p. 157.—emend. 
ScHopr, WILSON and BENTALL, Illinois Geol. 

Survey Rept. Inv. 91, pp. 39-40. 


Genotype.—Denso-sporites covensis Berry, 
by designation of Berry, 1937, p. 157. 


DENSO-SPORITES DAGGETTENSIS 
Schemel, n. sp. 
Plate 39, figures 16, 17 


Description.—Spores trilete, radial; sub- 
triangular in transverse plane; total diam- 
eter 33 to 50 microns; proximal and distal 
portions of wall thin and membranous, 
equatorial portions of wall thickened, equa- 
torial thickening 5 to 9 microns wide, spore 
cavity 21 to 32 microns in diameter, equa- 
torial thickening overlaps edge line of spore 
cavity, which is broken at one or more of its 
angles; surface of spore slightly punctate; 
presence of trilete inferred from triangular 
shape of the spore cavity and breaks at 
boundary angles. 

Remarks.—The holotype (fig. 16) shows a 
fine crack leaving a break in the spore 
cavity. This break is not usually present in 
other specimens of this species. Denso- 
sporites densus Berry, 1937, is somewhat 
larger than Denso-sporites daggettensis n. sp., 
and the spore cavity of Berry’s species 
appears smaller than that of this new 
species. 

Occurrence.—Post- Madison, 
coal of Daggett County, Utah. 


pre-Belden 


DENSO-SPORITES DOMINATORIS 
Schemel, n. sp. 
Plate 40, figure 2 


Description.—Spores trilete, radial; cir- 
cular to subtriangular in transverse plane; 
total diameter 30 to 45 microns; proximal 
and distal portions of wall thin and mem- 
branous, equatorial portion of wall thick- 
ened, equatorial thickening 8 to 12 microns 
wide, spore cavity triangular, 18 to 24 
microns in diameter, equatorial thickening 
overlaps edge line of spore cavity and is 
constricted at angles where edge line is 
broken and flared outward; surface of spore 
cavity slightly granulose, equatorial por- 
tions characteristically rugose; presence of 
trilete suture inferred from triangular shape 
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of the spore cavity and the three breaks of 
the edge line. 

Remarks.—The holotype is one of the few 
specimens that has the thin walls of the 
spore cavity preserved. This species differs 
from Denso-sporites daggettensis n. sp. in 
that it is more circular in outline, the equa- 
torial thickening is wider in proportion to 
the total diameter, and the edge line flares 
outward at each angle of the triangular 
spore cavity. It resembles Raistrick and 
Simpson’s (1933, p. 227, fig. 1) spore type 
A,, which has similar general characteristics. 
The flaring of the edge line was not noted by 
Raistrick and Simpson in their discussion of 
the British forms. 

Occurrence.—Post-Madison, 
coal of Daggett County, Utah. 


pre-Belden 


Genus ENDOSPORITES 
Wilson and Coe 
Endosporites WILSON and Coe, 1940, Amer. Mid- 
land Naturalist, vol. 23, no. 1, p. 184. 
Genotype.—Endosporites ornatus Wilson 
and Coe, by designation of Schopf, Wilson 
and Bentall, 1944, p. 45. 


ENDOSPORITES PALLIDUS 
Schemel, n. sp. 
Plate 40, figure 3 


Description.—Spores trilete, radial; circu- 
lar to subcircular in transverse plane; total 
diameter 54 to 66 microns, central body di- 
ameter 33 to 50 microns; surface of bladder 
minutely granulose to weakly punctate, 
relief of ornamentation less than 0.4 mi- 
cron, ornamentation of central body ob- 
scured; central body wall approximately 0.5 
micron thick, bladder wall somewhat thin- 
ner; trilete rays one-half to two-thirds the 
length of the central body radius, very 
poorly developed and usually not observed, 
lips not modified. 

Remarks.—The holotype is one of the few 
specimens observed which possesses a defi- 
nite trilete suture. This species is similar to 
Zonotriletes marginatus Luber, 1938, in that 
the ratio of the diameter of the bladder to 
that of the central body is approximately 
the same but detailed information concern- 
ing Luber’s species is lacking. Endosporites 
pallidus, n. sp. does not possess the internal 
fine meshed reticulation pattern, a character 
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commonly present in Pennsylvanian species 

of the genus. 
Occurrence.—Post-Madison, 

coal of Daggett County, Utah. 


pre- Belden 


ENDOSPORITES sp. A 
Plate 40, figure 4 


Description.—Spore trilete, radial; central 
body and bladder subtriangular in trans- 
verse plane; total diameter approximately 
65 microns, central body diameter approxi- 
mately 35 microns; surface of bladder granu- 
lose with indication of reticulation; orna- 
mentation of central body obscured; central 
body wall slightly thicker than that of blad- 
der; trilete rays extend to the periphery of 
central body and thickened continuations 
from them extend on to bladder membrane; 
trilete rays 1 to 6 microns shorter than the 
length of the total radius. 

Remarks.—This species is similar to Endo- 
sporites rarus (Ibrahim) Schopf, Wilson, and 
Bentall, 1944, although the latter is much 
smaller. Both species possess thickened con- 
tinuations of the trilete rays on the bladder 
membrane. 

Occurrence.—Post-Madison, 
coal of Daggett County, Utah. 


pre-Belden 


ENDOSPORITES sp. B 
Plate 40, figure 5 


Description.—Spores trilete, radial; sub- 
triangular in transverse plane; total diam- 
eter approximately 62 microns, central 
body diameter approximately 35 microns; 
surface of bladder minutely granulose with 
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thicker than bladder wall; trilete rays 
approximately 5 microns shorter than the 
length of the radius of the central body. 

Remarks.—This species is similar to Endo. 
sporites rotundus (Ibrahim) Schopf, Wilson, 
and Bentall, 1944, although the latter js 
larger and possesses trilete rays which ex. 
tend to the edge of the central body. 

Cccurrence.—Post-Madison, _ pre-Belden 
coal of Daggett County, Utah. 


Genus Lycospora Schopf, 
Wilson and Bentall 

Lycospora ScHoPpF, WILSON and BENTALL, 1944, 

Illinois Geol. Survey Rept. Inv. 91, p. 54. 

Genotype.—Lycospora micropapillatus (Wil- 
son and Coe) Schopf, Wilson and Bentall, 
by designation of Schopf, Wilson and Ben- 
tall, 1944, p. 54. 


Lycospora sp. A 
Plate 40, figure 6 


Description.—Spores trilete, radial; circu- 
lar in transverse plane; diameter 29 to 33 
microns; surface of spore weakly punctate 
to weakly granulate; equatorial ridge 2 to 
5 microns wide; trilete rays extend to ridge, 
lips well defined, approximately 2 microns 
thick. 

Remarks.—This species may be related to 
Lycospora pusillus (Ibrahim) Schopf, Wil- 
son, and Bentall, 1944, but the brevity of 
Ibrahim’s description and the generalized 
nature of the spores themselves makes it 
impossible to state that they could be con- 
specific. 





slight reticulation; ornamentation of cen- Occurrence.—Post-Madison, _ pre-Belden 
tral body obscured; central body wall much coal of Daggett County, Utah. 
EXPLANATION OF PLATE 39 
All figures 550, except /-3. 
Fics 1, 2—Triletes agnina (Zerndt) Schopf, Wilson and Bentall, 1944, 40. (p. 235) 


3, 4—Triletes cf. T. radiosus Schopf, Wilson and Bentall, 1944. 3, 40; 4, detail of equa- 


torial flange. (p. 235) 
5—Punctati-sporites sp. A. (p. 236) 
6—Punctati-sporites utahensis Schemel, n. sp.; holotype. (p. 236) 
7—Punctati-sporites sp. B. (p. 236) 
8—Punctati-sporites sp. C. (p. 236) 
9—Punctati-sporites sp. D. (p. 236) 
10—Punctati-sporites sp. E. (p. 237) 
11—Granulati-sporites cf. G. microsaetosus (Loose) Schopf, Wilson and Bentall, 1944. (p. 237) 
12—Granulati-sporites sp. A. (p. 238) 
13—Granulati-sporites inflatus Schemel, n. sp; holotype. (p. 238) 
14—Granulati-sporites cf. G. granulatus Ibrahim, 1933. (p. 237) 
15—Granulati-sporites sp. B. (p. 238) 


16, 17—Denso-sporites daggettensis Schemel, n. sp. 16, Holotype; 1/7, tetrad. (p. 239) 
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Genus CALAMOSPORA Schopf, 
Wilson and Bentall 
Calamospora ScHopr, WILSON and BENTALL, 

1944, Illinois Geol. Survey Rept. Inv. 91, pp. 

49-52. 

Genotype.—Calamos pora hartungiana 
Schopf, in Schopf, Wilson and Bentall, 
by designation of Schopf, Wilson and Ben- 
tall, 1944, p. 51. 


CaLAMOSPORA cf. C. MICRORUGOSUS 
(Ibrahim) Schopf, Wilson 
and Bentall 
Plate 40, figure 10 

Sporonites microrugosus IBRAHIM, 1932, Neues 
Jahrb., Beilage-Band 67, Abt. B, p. 447, pl. 14, 

pace microrugosus (IBRAHIM) IbB- 
RAHIM, 1933, Sporenformen des Aegirhori- 
zonts, p. 18, pl. 1, fig. 9. 

Calamospora microrugosus (IBRAHIM) SCHOPF, 
Witson and BENTALL, 1944, Illinois Geol. 
Surv. Rept. Inv. 91, p. 52. 
Description.—Spores trilete, radial; sub- 

circular in transverse plane; folds frequent 

and taper-pointed with lenticular outline; 
diameter 56 to 86 microns; surface of spore 
laevigate; trilete rays very slightly sinuous, 
approximately two-thirds the length of the 
radius, lips not modified. 
Remarks.—Ibrahim’s original description 
gave only one size measurement, 96 microns 
in diameter, but Ris later description gave a 
diameter range from 58 to 96 microns. The 
largest specimen observed in my collection 
is 86 microns in diameter. 
Occurrence.—Coals of the Westphalian B 
zone of the Ruhr district of western Ger- 
many; post-Madison, pre-Belden coal of 
Daggett County, Utah. 


CaLamospora cf. C. PALLIDUS 
(Loose) Schopf, Wilson 
and Bentall 
Plate 40, figure 7 
Sporonites pallidus Loose, 1932, Neues Jahrb., 
Beilage-Band 67, Abt. B, p. 449, pl. 18, fig. 31. 
Punctati-sporites pallidus (LOOSE) IBRAHIM, 1933, 
Sporenformen des Aegirhorizonts, p. 21; 
— 1934, Inst. Palaobot. Arb., vol. 4, no. 3, 
p. 146. 
Calamospora pallidus (Loose) ScHopr, WILSON 
and BENTALL, 1944, Illinois Geol. Survey 
Rept. Inv. 91, p. 52. 


Description.—Spore trilete, radial, sub- 
circular in transverse plane; folds frequent 
and taper-pointed with lenticular outlines; 
approximately 62 microns in diameter; sur- 
face of spore very weakly punctate; trilete 
rays 12 to 16 microns long, lips not promi- 
nent. 

Remarks.—This species is represented by 
a single specimen observed in my collection. 
It checks well with Loose’s original and later 
descriptions, but I hesitate to make a defi- 
nite assignment without more specimens. 

Occurrence.—Coals of the Westphalian B 
zone of the Ruhr district of Western Ger- 
many; post-Madison, pre-Belden coal of 
Daggett County, Utah. 


Genus Rotaspora Schemel, n. gen. 
Text figure 2 


Genotype.—Rotaspora fracta Schemel, n. 
sp. 

Description.—Spores trilete, radial; circu- 
lar to subcircular in transverse plane; cen- 
tral body subequilaterally triangular in 
transverse plane with rounded corners and 
convex or concave sides; forms now known 





EXPLANATION OF PLATE 40 


All figures X 550. 


Fics. 1—Laevigato-sporites sp. A. (p. 238) 
2—Denso-sporites dominatoris Schemel, n. sp.; holotype. (p. 239) 
3—Endosporites pallidus Schemel, n. sp.; holotype. (p. 239) 
4—Endosporites sp. A. (p. 240) 
5—Endosporites sp. B. (p. 240) 
6—Lycospora sp. A. (p. 240) 
7—Calamospora cf. C. pallidus (Loose) Schopf, Wilson and Bentall, 1944. (p. 241) 
8, 9—Rotaspora fracta Schemel, n. sp. 8, Holotype; 9, typical specimen. (p. 242) 
10—Calamospora cf. C. microrugosus (Ibrahim) Schopf, Wilson and Bentall, 1944. (p. 241) 
11—Tripartites vetustus Schemel, n. sp.; holotype. (p. 243) 
12—Spore type A. (p. 243) 
13, 14—Spore type B. (p. 244) 
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range from 28 to 46 microns in diameter; 
spore coat relatively thin; surface of central 
body and flange laevigate, punctate, granu- 
lose, or verrucose, both do not necessarily 
possess same ornamentation; equatorial 
flange broadest at interradial regions and 
very narrow on the corners, flange thickened 
at periphery to form a narrow rim; trilete 








Fic. 2—Rotaspora Schemel, n. gen.; a, equatorial 
(transverse) plan; 6, axial (longitudinal) plan. 


rays slightly shorter than the radius; trilete 
lips not modified; affinities unknown, pos- 
sibly filicinean, perhaps related to Rein- 
schospora Schopf, Wilson, and Bentall. 

Remarks.—This genus appears to include 
one of the forms Reinsch (1884, vol. 1, p. 
16, diag. 88, pl. 6, fig. 75) described as his 
Subdivisio VII of his Subtribus I, Nucleus 
triangularis. This spore type was listed by 
Reinsch from the ‘“‘Stigmarienkohle”’ of cen- 
tral Russia. 


ROTASPORA FRACTA Schemel, n. sp. 
Plate 40, figures 8, 9 


Description.—Spores trilete, radial; circu- 
lar to subcircular in transverse plane, cen- 
tral body subequilaterally triangular in 
transverse plane, corners rounded, sides 
straight to slightly concave; total diameter 
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28 to 35 microns, central body diameter 17 
to 24 microns; equatorial flange broadest 
at interradial regions and very narrow op 
the corners, flange thickened at periphery 
to form a rim approximately 2 microns wide: 
surface of spore laevigate to minutely pune. 
tate, no differentiation of ornamentation 
between central body and flange; trilete 
rays 1 to 2 microns shorter than the length 
of the radius, lips not modified. 

Remarks.—The holotype (fig. 8) is one of 
the few specimens observed in my collection 
with peripheral rim well preserved. Most of 
the specimens are broken at interradial 
areas. 

Occurrence.—Post- Madison, 
coal of Daggett County, Utah. 


pre-Belden 


Fic. j—Tripartites Schemel, n. gen.; a, equatorial 
(transverse) plan; 5, axial (longitudinal) plan. 


Genus TRIPARTITES Schemel, n. gen. 
Text figure 3 


Genotype—Tripartites vetustus Schemel, 
n. sp. 

Description.—Spores trilete, radial; cen- 
tral body subtriangular in transverse plane, 
corners rounded or blunt, sides convex, 
straight, or concave; equator marked by 
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equatorial flange (or analogous structure) 
which is widest at corners and very narrow 
or absent in the interradial regions, usually 
plicated in widest portions; forms now 
known range from about 30 to over 70 
microns in diameter; central body and flange 
laevigate, punctate, granulose, or verrucose, 
both do not necessarily possess same orna- 
mentation; trilete rays usually well defined 
and extend to margin of central body but 
not onto flange, moderate lips may be devel- 
oped; affinities unknown, possibly filicinean, 
perhaps related to Triguitrites Wilson and 
Coe. 

Remarks.—This genus appears to include 
the spores Reinsch (1884, vol. 1, p. 35) 
designated as his Subdivisio XLVI of his 
Subtribus I, Nucleus triangularis. His de- 
scription is as follows: ‘‘Exosporium inae- 
qualiter triangulatim incrassatum, angulis 
productis, obtusatis et crenulato-incisis.”’ 
These forms described by Reinsch were 
structurally clarified by Luber and Waltz 
(1938) by their publication of a species, 
Zonotriletes inciso-trilobus (Naumova) Waltz, 
1938, listing one of Reinsch’s forms in 
synonomy. This species was described by 
Naumova in a manuscript, and Luber and 
Waltz (1938) credit Waltz for a new specific 
combination of this species. This paper by 
Luber and Waltz is the first publication of 
Naumova’s species. Naumova (1934, pl. 3, 
fig. 9) had earlier illustrated this form but 
did not describe or name it. This species is 
apparently congeneric with Tripartites ve- 
tustus n. sp. Difficulties regarding the status 
and type species of Zonotriletes prevent any 
new assignment at this time. Raistrick 
(1934, p. 145, pl. 1) described and illustrated 
a spore type, D;, which appears to be 
included in Tripartites. This type was fur- 
ther described and illustrated by Raistrick 
(1938) and Knox (1947). 


TRIPARTITES VETUSTUS Schemel, n. sp. 
Plate 40, figure 11 


Description.—Spores trilete, radial; sub- 
triangular in transverse plane, corners 
broadly rounded or blunt, sides moderately 
to strongly concave; equator marked by 
equatorial flange (or analogous structure) 
which is widest at the corners and very nar- 
row or absent in the interradial regions, pli- 
cated in the widest portions; total diameter 


30 to 40 microns, central body diameter 19 
to 25 microns; extended portions of flange 
outline approximately 10 by 15 microns; 
surface of central body laevigate to minutely 
punctate, surface of flange laevigate; trilete 
rays 1 to 2 microns shorter than the length 
of the radius. 

Remarks.—Most specimens are poorly 
preserved in that the central body has been 
badly corroded. The holotype illustrates the 
average concavity of the sides. 

Occurrence.—Post- Madison, 
coal of Daggett County, Utah. 


pre- Belden 


INCERTAE SEDIS 


The two forms listed below are placed 
under incertae sedis because they are lacking 
in sufficiently understood biological charac- 
teristics to support definite systematic allo- 
cations. They are represented by very few 
specimens observed in my collection and 
more material is necessary to confirm their 
morphology. They do not show convincing 
evidence of affinity with other recognized 
groups and they thus may represent new 
genera. They are included because of their 
unusual nature which may prove to be sig- 
nificant in age determinations should similar 
forms be recognized in other collections. 


SPORE TYPE A 
Plate 40, figure 12 


Description.—Spore trilete, radial; trian- 
gular in transverse plane; corners rounded, 
sides straight to slightly convex; diameter 
approximately 56 microns; surface of spore 
laevigate to minutely punctate; spore wall 
relatively thick; equatorial flange (?) sur- 
rounding triangular central area; flange 
thickened about periphery to form periph- 
eral rim (?) approximately 5 microns 
wide; apparent thickening of spore walls in 
interradial areas probably due to folding of 
the pyramic segments; trilete suture broken 
but rays appear to be at least two-thirds the 
length of the radius. 

Remarks.—This form is represented by a 
single specimen observed in my collection. 
Certain features of this spore might warrant 
its inclusion in Rotaspora, n. gen., but it is 
excluded because the structures cannot be 
interpreted with any degree of certainty at 
this time. This form is somewhat similar to 
the form Reinsch (1884, vol. 1, p. 16, diag. 





a 


~~ 





244 


154, pl. 18, fig. 118C) listed from the 
Zwickau coal of Saxony under his Subdivisio 
XIII of Subtribus I, Nucleus triangularis. 

Occurrence.—Post-Madison, _ pre-Belden 
coal of Daggett County, Utah. 


SPORE TYPE B 
Plate 40, figures 13, 14 


Description.—Spores trilete, radial; sub- 
circular in transverse plane; total diameter 
approximately 75 microns; spore apparently 
consisting of two units, a central body and a 
structure perhaps analogous to an equatorial 
flange; central body 30 to 35 microns in di- 
ameter, equatorial flange (?) approximately 
20 microns in diameter with a peripheral 
rim (?) approximately 5 to 7 microns wide 
in radial areas and broadened to form 
“‘pads’”’ approximately 15 microns wide in 
the interradial areas; peripheral pads inter- 
connected by bands approximately 6 mi- 
crons wide which cross over the central 
body; central body slightly papillate, re- 
mainder of spore laevigate; trilete rays 
extend to the borders of the central body, 
lips not modified. 

Occurrence.—Post- Madison, 
coal of Daggett County, Utah. 


pre-Belden 


REFERENCES 


Berry, W., 1937, Spores from the Pennington 
coal, Rhea County, Tennessee: Am. Midland 
Naturalist, vol. 18, no. 1, pp. 155-160. 

Cross, A. T., 1947, Spore floras of the Pennsyl- 
vanian of West Virginia and Kentucky: Jour. 
Geol., vol. 55, no. 3, pt. II, pp. 285-308. 

IBRAHIM, A. C., 1932, Beschreibung von sporen- 
formen aus Fléz Agir; in Potonié, R., Sporen- 
formen aus den Flézen Agir und Bismarck 
des Ruhrgebietes: Neues Jahrb. f. Mineralogie 
u. Geologie, Beilage-Band 67, Abt. B. pp. 
447-449. 

, 1933, Sporenformen des Aegirhorizonts des 
Ruhr-Riviers: Dissertation, Berlin, privately 
pub. 1933, by Konrad Triltsch, Wurzburg. 

Knox, E. M., 1939, The spores of Bryophyta 
compared with those of Carboniferous age: 
Bot. Soc. Edinburgh Trans. and Proc., vol. 32, 
no. 4, pp. 477-487. 

, 1947, The microspores in coals of the Lime- 
stone Coal group in Scotland: Inst. of Mining 
Engineers Trans., vol. 107, pt. 3, pp. 155-163. 

KosAnkKE, R. M., 1947, Plant microfossils in cor- 
relation of coal beds: Jour. Geol., vol. LV, no. 3, 
pt. II, pp. 280-284. 

Loose, F., 1932, Beschreibung von sporenformen 
aus Fléz Bismarck; in Potonie, R., Sporenfor- 











MART P. SCHEMEL 


men aus den Flézen Agir und Bismarck des 
Ruhrgebietes: Neues Jahrb. f. Mineralogie y 
Geologie, Beilage-Band 67, Abt. B., pp. 449- 
452. 





, 1934, Sporenformen aus dem Fléz Bis. 
marck des Ruhrgebietes: Inst. Paliobot, y 
Petrog. d. Brennsteine Arb., vol. 4, no. 3, pp. 
127-164. 

LuBer, A. A. and WaLTz, I. E., 1938, Classifica. 
tion and stratigraphic value of spores of some 
Carboniferous coal deposits in the USSR: Cent. 
Geol. and Prosp. Inst. Trans., Fasc. 105., 43 
pp., 10 plates. 

Miner, E. L., 1935, Paleobotanical examinations 
of Cretaceous and Tertiary coals: Amer. Mid- 
land Naturalist, vol. 16, no. 4, pp. 585-625, 

Navumova, S. V., 1934, Petrographical examina- 
tion of the coals from the Bebrikov coal mines, 
Moscow Basin: United Geol. and Prosp. Sery. 
ice of the USSR Trans., Fasc. 335. 

Potonié, R., 1931, Zur Mikroskopie der Braun- 
kohle. Tertiire Bliitenstaubformen (1’ste mit- 
teilung): Braunkohle, Jg. 30, no. 16, pp. 325- 
3o5. 

RalstTRIcK, A., 1934, The correlation of coal- 
seams by microspore content. Part 1, the seams 
of Northumberland: Inst. of Mining Engineers 
Trans., vol. 88, no. 3, pp. 142-153. 

——, 1938, The microspore content of some 
Lower Carboniferous coals: Leeds Geol. Assoc. 
Trans., vol. 5, no. 4, pp. 221-226. 

, and Simpson, J., 1933, The microspores of 
some Northumberland coals and their use in 
the correlation of coal seams: Inst. of Mining 
Engineers Trans., vol. 85, no. 4, pp. 225-235. 

Rernscu, P. F., 1881, Neue Untersuchungen 
iiber die Mikrostruktur der steinkohle des Car- 
bon, der Dyas und Trias. Leipzig, 1881. 

, 1884, Micro-Palaeophytologia formationis 
Carboniferae: Vol. 1. Theo. Krische, Erlangen; 
also Bern. Quaritch, London. 

Scuoprr, J. M., 1938, Spores from the Herrin (No. 
6) coal bed in Illinois: Illinois Geol. Survey 
Rept. Inv. 50. 

, Witson, L. R., and BENTALL, Ray, 1944, 
An annotated synopsis of Paleozoic fossil 
spores and the definition of generic groups: 
Illinois Geol. Survey Rept. Inv. 91. 

THompson, M. L., Pennsylvanian rocks and 
fusulinids of east Utah and northwest Colorado 
correlated with Kansas section: Kansas Geol. 
Survey Bull. 60, pt. 2, pp. 17-84. 

WELLER, J. M., et al., 1948, Correlation of Mis- 
sissippian formations of North America: Geol. 
Soc. America Bull. 59, pp. 91-196. 

Witson, L. R., and Cog, E. A., 1940, Descrip- 
tions of some unassigned plant microfossils 
from the Des Moines series of Iowa: Amer. 
Midland Naturalist, vol. 23, no. 1, pp. 182-186. 

ZERNDT, J., 1934, Les megaspores du Bassin 
Houiller Polonais, Premiére partie: Acad. 
polonaise sci. Trav. Geol., no. 1, Krakow. 

, 1937, Les megaspores du Bassin Houiller 

Polonais, Deuxieme partie: Acad. polonaise sci. 

Trav. Geol. no. 3, Krakow. 

















marck des 
eralogie y, 
+ Pp. 449. 


Fléz Bj 
léobot, . 
no. 3, pp, 


Classifica 
CS Of some 
SR : Cent. 
>. 105., 43 


:Minations 
mer. Mid. 
85-625, 
examina- 
oal mines, 
osp. Sery- 


er Braun- 
I’ste mit. 
pp. 325- 


of coal. 
the seams 
Engineers 


of some 
ol. Assoc, 


spores of 
4 — in 
ini 

5-235. 
ichungen 
des Car- 
1. 

mationis 
rlangen; 


rrin (No. 
Survey 


Y, 1944, 
ic fossil 
groups: 


ks and 
‘olorado 
is Geol. 


of Mis- 
i: Geol. 


Jescrip- 
‘ofossils 
Amer. 
32-186. 
Bassin 
Acad. 
Ww. 
[ouiller 
ise Sci. 











JOURNAL OF PALEONTOLOGY, VOL. 24, NO. 2, PP. 245-247, Marcu 1950 


REVIEWS 





SMALLER FORAMINIFERA FROM BODJONE- 
coro (JAVA), by L. Boomgaart. Thesis, 
State University of Utrecht (Nether- 
lands), Smit & Dantje, Sappemeer, 1949. 
Pp. 1-175, pls. 3, figs. 7, tables 1. 


This thesis is another important contribu- 
tion to knowledge of the smaller Foraminif- 
era from the Indonesian Mio-Pliocene. It is 
a worthy supplement to the papers of LeRoy 
(1939, 1941 and 1944) and several others of 
less importance. The author describes the 
smaller Foraminifera from 81 core samples 
of an exploratory well 2006 meters deep in 
the Mio-Pliocene at Bodjonegoro (Java- 
Indonesia) drilled in 1934. Two hundred and 
ninety-two species are described or men- 
tioned, representing 24 families, 89 known 
genera and one new genus. A total of 30 
species and ten varieties are described as 
new. Seventy forms are unnamed. 

The new genus Pseudonodosaria of the 
family Lagenidae is closely related to Pseu- 
doglandulina and most of its species hitherto 
have probably been considered Pseudo- 
glandulinae. Its early part is as Pseudoglandu- 
lina, with embracing uniserial chambers; the 
adult stage is definitely nodosarian. The 
genotype is Glandulina discreta Reuss 1850. 

Most of the previously known species are 
not redescribed although remarks concern- 
ing some of them are presented. Many of 
them, however, are figured. The descrip- 
tions of new species are clear, but differen- 
tial discussions are mostly lacking and thus 
comparison with related species is rather dif- 
ficult. The illustrations are excellent shaded 
camera-lucida drawings, partly drawn by 
the famous artist of the Netherlands Geo- 
logical Survey, J. Lammers. 

In a general part of the report the author 
discusses several aspects of previous work on 
Indonesian smaller Foraminifera. He pre- 
sents remarks on the stratigraphic section 
and environmental condition of deposition 
and concludes that the faunae are of bathyal 
origin. 

An appendix gives some details about the 
otoliths, examined by F. C. Stinton. 


The Ostracoda from this well have been 
studied by Dr. J. Th. Kingma (1948). 
A. TEN Dam 


CONTRIBUTIONS TO THE KNOWLEDGE OF THE 
YounG CAENOZOIC OSTRACODA FROM THE 
MALayaANn REGION, by J. Th. Kingma. 
Thesis, State University of Utrecht 
(Netherlands); Kemink N. V., Utrecht, 
1948. Pp. 1-118, pls. 11, figs. 3, tables 8, 
1 distribution chart. 


As only a very small number of fossil 
Ostracoda have been described from Indo- 
nesia this thesis is a most valuable contribu- 
tion. Dr. Kingma studied specimens from 
the following localities: Mio-Pliocene of 
Atjeh (North Sumatra) and of the Bodjone- 
goro well (East Java), Pliocene of the south- 
ern Kendeng area (East Java) and bottom 
samples of Recent material from three sta- 
tions in the Java Sea, collected by the Snel- 
lius expedition. 

The paper begins with a chapter on the 
hinge patterns of the principal Cenozoic 
ostracode genera, as the author believes 
them to be the most important features for 
classifying these fossils. This compilation 
will serve as a key for beginners, supple- 
menting Dr. van den Bold’s useful paper. 
The hinge patterns are figured in a series of 
clear pen and ink drawings on five plates. 

The second part of the paper deals with 
the stratigraphic distribution of the samples 
and with the systematic description of 94 
species and four varieties which are figured 
by pen and ink drawings on six plates. Six 
new genera are described: Hemicytheridea 
(family Cytheridae, subfamily Cytheridi- 
inae), Atjehella (family Cytheridae, subfam- 
ily Cytherinae), Payenborchella (family Cy- 
theridae, subfamily Cytherinae), Tanella 
(family Cytheridae, subfamily Cytherinae), 
Javanella (family Cytheridae, subfamily Cy- 
therinae) and Neomonoceratina (family Cy- 
theridae, subfamily Bythocytherinae). 

A. TEN DAM 
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FORAMINIFERES D’AQUITAINE PREMIERE 
PARTIE: REOPHACIDAE A NONIONINIDAE), 
by J. Cuvillier and V. Szakall. Imprimerie 
F. Boisseau, Toulouse, France, 1949. Pp. 
1-112, pls. 32; 1800 francs. 


This publication was prepared at the 
Stratigraphical Laboratory of the Société 
Nationale des Pétroles d’Aquitaine and pub- 
lished under the auspices of this company. 
It is the first part of what the authors call 
a Monograph of the Foraminifera from 
Aquitania, and deals with 518 species from 
the families Reophacidae to Nonioninidae 
obtained from formations of Triassic to 
Pliocene age. Fourteen species and one 
genus are described as new and 136 forms 
have not been named. The most valuable 
part is the 32 plates where all species are 
figured in shaded photographs of reasonable 
and often good quality. The stratigraphic 
distribution of the species is mentioned in 
the text. 

The authors purposely give no detailed 
descriptions of already known species ex- 
cept when it is necessary to mention par- 
ticular characters. In a second part they 
will present the remaining species and a 
general consideration on the microfaunal as- 
sociations and their application to strati- 
graphic and geological problems. 

The species determinations. are inade- 
quate and evidently they are based on far 
too little documentation, so that numerous 
nomenclatural errors occur. References to 
recent publications, like those of Colom, 
Cushman and numerous other authors be- 
tween 1942 and 1949 are almost entirely 
lacking and much of tne older literature also 
has not been consulted. The authors do not 
differentiate Textularia and Spiroplectam- 
mina—Textularia carinata d’Orbingy and T. 
adamsi (Lalicker) are without doubt typical 
representatives of Spiroplectammina but 
they are classified under Textularia. One 
species described as T. annectens Parker and 
Jones seems to be a Textularia according to 
the figures whereas the true 7. annectens 
from the Lower Cretaceous has a triserial 
initial stage, biserial young and uniserial 
adult, and is the genotype of Spiroplectinata, 
erected by Cushman in 1927. Descriptions 
of new species are often quite insufficient 
and differential diagnoses are mostly lack- 
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ing. Their Spiroloculina eocenica belongs to 
Sigmotlina, as is evident if Cushman’s mono. 
graphs on these two genera are consulted. It 
seems probable from their figures that the 
new species Nodobaculariella tubiformis js 
only the adult stage of their Articulina ojj. 
gocenica, n. sp., from the same locality, 
Several species of Articulina show an irregy. 
lar terminal chamber tending to become uni. 
serial, similar to the last chamber in “ Nodo. 
baculartella’’ tubiformis n. sp. The young 
and adult stages of their Articulina oligo. 
cenica seem very closely related, if not 
identical with, Articulina advena (Cushman) 
1922, also from the Oligocene, as figured and 
described in Cushman’s Monograph on 
Articulina of 1944. The figures of Robulus de- 
golyert do not correspond with the original 
figures nor with topotypes in my collection 
from the Midway (Plummer, 1926). Robulus 
cuvilliert Texier 1944 is identical with Hydro- 
mylina ruttent de Witt Puyt 1941 from the 
Middle Eocene of Dalmatia. Their Fladel- 
lina arborescens (Halkyard), with typical 
pustular ornamentation, has no characters 
in common with the original reticulated Fron- 
dicularia arborescens Halkyard 1918 which is 
a typical Coleites. Several excellent repre- 
sentatives of the genus Palmula are included 
under the genus Frondicularia. The fore- 
going are some of the taxonomical short- 
comings of this work. 

The new genus Daxia of the family 
Lituolidae is closely related to and inter- 
mediate between Haplophragmoides and 
Cyclammina. It has a planispirally coiled, 
bilaterally symmetrical, involute test. The 
inner structure resembles Nummulites. The 
wall is finely arenaceous and chambers are 
numerous. Its genotype is D. cenomana n. sp. 
and it is known only from the Cenomanian. 

It is unfortunate that the authors of this 
atlas have not paid more attention to cor- 
rect taxonomy and nomenclature because 
their figures and data on stratigraphic dis- 
tribution might be very useful to micro- 
paleontologists and geologists working in 
the Mediterranean region. As it is, com- 
parison with well known Mediterranean 
microfaunae like those from the Burdigalian 
and Vindobonian of the Balearics by Colom 
is extremely difficult. This work will be 
valuable for internal use in Aquitania in the 
application of micropaleontology to strati- 
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graphic and geologic problems, but it has 
little value outside of that region where 
workers have applied nomenclatural prin- 


ciples more rigorously. 
A. TEN DAM 


THE MEANING OF EvoLutTion, A STUDY OF 
THE HisTtoRY OF LIFE AND OF ITs SIG- 
NIFICANCE FOR MEN, by George Gaylord 
Simpson. 364 pp., Yale University Press, 
1949. $2.75. 


This book by one of America’s foremost 
vertebrate paleontologists is an expansion of 
a series of lectures given at Yale University 
in 1948 under the sponsorship of the Terry 
Foundation in the general field of ‘‘religion 
in the light of science and philosophy.” It is 
primarily interesting as a_ philosophical 
work, and presentation of scientific facts, 
interpretations and theories is made as 
necessary background in a simplified and 
nontechnical manner. It consists of three 
approximately equal parts. 

Part 1, The Course of Evolution, is mainly 
fact and interpretation. It contains nothing 
that is not fairly well known to every pale- 
ontologist and most geologists. 

Part 2, The Interpretation of Evolution, is 
mainly interpretation and theory. Much of 
it is an extreme condensation of material 
more fully treated in some of the author's 
other writings, principally his Tempo and 
Mode in Evolution. It is concluded, however, 
with chapters on the concept of progress in 
evolution and the history of evolutionary 
thought. The former is strictly philosophical 
and belongs in the last section of the book. 
The latter is an excellent summary of 17 
pages and contains more well coordinated 
information on this subject than any com- 
parable presentation that I know. 

Part 3, Evolution, Humanity, and Ethics, 
is the heart of the book. It is entirely philo- 
sophical and subject to all the criticisms 
that apply to reasoning of this kind. Simp- 
son is unquestionably a thoughtful scientist 
of broad interests and his ideas should be of 
interest to many other thoughtful persons 
even if they are unable to subscribe to them. 

Like most philosophies, Simpson's is 
founded on certain interpretations that are 
accepted as facts, and proceeds to certain 





preconceived ideas. This is done by means 
of the development of a system of ethics 
which evidently, for him, takes the place of 
formalized religion. It happens that I agree 
with his premise that natural processes are 
entirely materialistic, that evolution has 
been purposeless and opportunistic and 
that man is an animal similar in most of his 
attributes to other animals. I also share his 
preconceived ideas which focus upon the 
ideal of perfect democracy. Finally I sym- 
pathize with his ethics which, in essence, 
measure the greatest good in terms of the 
accumulation and dissemination of knowl- 
edge, although I cannot believe that this is 
the end of all ends to be desired. 

Like most philosophers, Simpson has his 
feet on two different spheres rotating at dif- 
ferent speeds in different planes. His ef- 
forts to bridge this gap between the sphere 
of scientific fact and the sphere of moralistic 
ideals appear to me somewhat forced and in 
part inconsistent. For example, he em- 
phatically denies that human society, com- 
posed of interdependent individuals, is at 
all comparable to an organism, composed of 
interdependent cells, but he places great 
emphasis on human extra-material ‘‘evolu- 
tion” which can only be a phase of social 
progress, measured by Simpson in terms of 
experience past and present mutually 
shared through the spoken or written word, 
to which individuals respond as a factor of 
their environment. Probably because he 
feels so strongly, repetition and reiterative 
emphasis make this part of the book too 
long. 

The first two parts of the book can be 
highly recommended to any serious non- 
biologist who desires a quick but authori- 
tative survey of evolutionary facts and 
theories. It encompasses a vast and ever ex- 
panding field of knowledge in which most 
biologists and paleontologists are in es- 
sential agreement. The final part is interest- 
ing as one man’s excursion into a highly sub- 
jective field where, since the beginning of 
history, philosophers have, in contrast, 
made practically no progress in agreement. 

Some of the most pithy and enjoyable 
parts of the book are included in the numer- 


ous footnotes. 
J. M. W. 
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Museum, Washington, D. C. 

YCOHEE, GEORGE V., U. S. Geol. Survey, 
Washington, D. C. 

VCOLLE, Jack O., 1205 Kenwood, Houston, 
Texas 

V¥CoLtom, GUILLERMO, Isabel II No. 23, 
Soller (Balearic Islands), Spain 

CONNOLLY, FRANK T., Shell Oil Co., Box 
243, Emporia, Kan. 

YCONSELMAN, FRANK B., 
Abilene, Texas 

V*CoomsBs, HowarpD A., 112 Johnson Hall, 
Univ. of Washington, Seattle, Wash. 

.*CoopEeR, CHALMER L., U. S. Geol. Survey, 
Washington, D. C. 

VCoreEyY, WILLIAM HENRY, Continental Oil 
Co., Los Angeles, Calif. 

){|CorrENS, CarL W., Mineralogische In- 
stitut, Universitat der Gottingen, Got- 
tingen, British Zone, Germany 

/CorvELL, Horace N., Columbia Univ., 
New York, N. Y. 

/*Cotton, EpGar A., Stanolind Oil & Gas 
Co., Box 3092, Houston, Texas 

/Cox, BEN B., Gulf Research & Devel. Co., 
Box 2038, Pittsburgh, Pa. 

_(Cox, CHARLES LyNnwoop, JR., Sul Ross 

State College, Alpine, Texas 

yCram, IRA H., Continental Oil Co., 17th 
Floor Sterling Bldg., 608 Fannin, 
Houston, Texas 

VM*CRAVER, FRANK S., JR., 4445 Clingman Dr., 
Shreveport, La. 

*CRESPIN, IRENE, Mineral Resources Sur- 
vey, Melbourne’ Bldgs., Canberra, 
A.C.T., Australia 

UCRONEIS, CAREY, Beloit College, Beloit, Wis. 

Cross, ZILDA M., 617 E. Windsor Rd., 
Glendale, Calif. 

/*Croucn, RosBert W., Richfield Oil Corp., 

; Box 470, Long Beach, Calif. 

y CRowLEy, A. J., The Texas Co., Denver, 

Colo. 


S. Natl. 


1165 Vine St., 
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‘CRUSE, JOHN S., JR., Amerada Petr. Corp,, 
Box 2040, Tulsa, Okla. 

Y*CuLP, EUGENE F., 912 W. Wilson St., 
Norman, Okla. 

/DALEON, BENJAMIN A., Philippine jj 
Devel. Co., Inc., No. 7 Merchan St,, 
Lucena, Quezon Prov., Philippines 

v Damon, H. Gorpon, Box 1561, Univ. Sta, 
Austin, Texas 

/*DANTE, JOHN HENRY, 3527 Runnymede 
Pl. N. W., Washington, D. C. 

/ DAPPLES, EDWARD C., Northwestern Uniy., 
Evanston, IIl. 

J DE CARVALHO, G. SOARES, Rua do Alto da 
Conchada, Coimbra, Portugal 

VDECKER, CHARLES E., Univ. of Oklahoma, 
Norman, Okla. 

Y DECKER, JACK MInROD, Univ. of Illinois, 
Urbana, III. 

yDEGOLYER, E., DeGolyer & MacNaughton, 
1000 Continental Bldg., Dallas, Texas 

De LarA, FERNANDO, Dept. of Mineral 
Science, Stanford Univ., Palo Alto, 
Calif. 

WENHAM, RICHARD L., Humble Oil & Refg, 
Co., Box 2180, Houston, Texas 
Denison, A. RoDGER, Amerada Petr. Corp., 

Box 2040, Tulsa, Okla. 

/DEUSSEN, ALEXANDER, 413 Commerce 
Bldg. Addition, Houston, Texas 
Dietz, RoBERT S., U. S. Navy Electronics 

Lab., San Diego, Calif. 

¥DILLON, EDWARD L., Box 1512, Pueblo, 
Colo. 

, DoANE, GEORGE HERBERT, Shell Oil Co., 
2080 Obispo Ave., Long Beach, Calif. 

\|DoEGLAs, Dirk JAcosBus, School of Geol- 
ogy, Louisiana State Univ., Baton 
Rouge, La. 

y DonNoGHUE, Davin, 1116 Fort Worth Natl. 
Bank Bldg., Fort Worth, Texas 


yDouGias, PAatrictA JEAN, 4155 Irving 
Place, Culver City, Calif. 
*Douciass, Harry Marvin, 1202 N. 


Country Club Dr., Tulsa, Okla. 
Downs, GEORGE R., Carter Oil Co., Box 
120, Denver, Colo. 


vDRAKE, RoBERT T., 1128 Hamilton Bldg., 


Wichita Falls, Texas 
Driver, HERSCHEL L., Standard Oil Co. of 
Calif., Los Angeles, Calif. 
“DRUMMOND, ROBERT V., Magnolia Petr. 
Co., Austin, Texas 














ae Corp., 


Ison St., 
ine Oil 
han St., 
ines 
liv. Sta., 
inymede 
n Univ,, 
Alto da 
lahoma, 
Illinois, 
ughton, 
, Texas 
Mineral 
> Alto, 
® Refg, 
_Corp., 
nmerce 
tronics 
-ueblo, 
il Co., 
Calif. 
- Geol- 
Baton 
Natl. 
Irving 
2 N. 
, Box 
Bldg., 


“o. of 


Petr. 














SOCIETY RECORDS AND ACTIVITIES 251 


y*DuNBAR, CARL O., Peabody Museum, 
Yale Univ., New Haven, Conn. 

yDuNHAM, ROBERT J. Box 671, W. W. C., 
Norman, Okla. 

/DuRHAM, J. Wyatt, Univ. of California, 
Berkeley, Calif. 

/*DusENBURY, A. N., JR., Creole Petr. Corp., 
Los Caobos, Caracas, Venezuela, S. A. 

EaRGLE, D. Hoye, U. S. Geol. Survey, Tus- 
caloosa, Ala. 

Easton, WILLIAM H., Univ. of Southern 
California, University Park, Los 
Angeles, Calif. 

vEcuots, Dorotuy JuNG, R. R. 10, Box 535, 
Ferguson, Mo. 

/EICHER, DONALD B., Aramco, Explor. Dept., 
Dhahran, Saudi Arabia 

/EIFLER, G. K., JR., 2905 Glenview, Austin, 
Texas 

/EISNER, STEPHAN M., Amerada Petr. Corp., 
306 Kerr-McGee Bldg., Oklahoma 
City, Okla. 

yY*ELias, Maxim K., Nebraska Geological 
Survey, Univ. of Nebraska, Lincoln, 
Nebr. 

A*ELLINWOOD, H. L., Bureau of Economic 
Geology, University of Texas, Austin, 
Texas 

ELLIoTT, WAYNE, Richfield Oil Corp., Long 
Beach, Calif. ‘ 

Ettis, ALBERT D., JR., Stanolind Oil & 
Gas Co., Box 3092, Houston, Texas 

, Ettts, BRooKks FLEMING, New York Univ., 
New York, N. Y. 

y Ettison, SAMUEL P., Jr., Univ. of Texas, 
Austin, Texas 

vEtitsor, ALvaA C., 1718 Ave. N., Galveston, 
Texas 

*EmeE!Is, J. D., United British Oilfields of 
Trinidad, Trinidad, B. W. I. 

VEMERY, KENNETH O., Univ. of Southern 
California, Los Angeles, Calif. 


VEVELAND, HARMON E., Univ. of Illinois, . 


Urbana, Illinois 

VEVERETT, ROBERT W., JR., 300 Filmore 
Ave., New Orleans, La. 

JEWBANK, NORMAN WARE, JR., Cities Serv- 
ice Oil Co., Midland, Texas 

/*Fay, RoBert O., Univ. of Kansas, Law- 
rence, Kan. 

YFERAyY, Dan Epwarps, Univ. of Tulsa, 
Tulsa, Okla. 

¥ FErGuson, GLENN C., Rm. 1, Professional 
Bldg., 1829 H St., Bakersfield, Calif. 


vFerGuson, H. C., 1208 Esperson Bldg., 
Houston, Texas 
VFETTKE, CHARLES R., 1118 Wightman, 
Pittsburgh, Pa. 
vFINLEY, Emmett A., U. S. Geol. Survey, 154 
New Customhouse, Denver, Colo. 
/*FIsCHER, ALFRED G., Univ. of Kansas, 
Lawrence, Kan. 
“*FISHER, LLoyp W., Bates College, Lewis- 
ton, Me. 
Fisk, HAROLD N., Humble Oil & Refg Co., 
Box 2180, Houston, Texas 
/FLAGLER, C. W., Danish-American Pros- 
pecting Co., Gammeltorv 6, Copen- 
hagen, Denmark 
“FLEMING, FREDERICK A., 728 W. Twenty- 
Eighth St., Los Angeles, Calif. 
+ FLORES, GIOVANNI, Cuban Gulf Oil Co., 
Box 2919, Cardenas, Cuba 
“FoLk, ROBERT L., Pennsylvania State 
College, State College, Pa. 
YFoLk, STEWART H., Petroleos Mexicanos, 
Room 208, Av. Juarez 15, Mexico 
D. F., Mexico 
1 ForrEsT, LesH C., 2417 Chester Lane, 
Bakersfield, Calif. 
YFountTAIN, H. C., Box 2107, Abilene, Texas 
OX, FREDERICK GLENN, Imperial Oil Ltd., 
300 Ninth Ave. W., Calgary, Alta., 
Canada 
yYFRANCIS-BOEUF, CLAUDE, 10 Villa Coeur 
de Vey, Paris, France 
VFRAUTSCHY, JEFFERY DEAN, 4058 Hamilton 
St., San Diego, Calif. 
y*FRAZIER, NOAH A., 209 S. Champion Ave., 
Apt. 6, Columbus, Ohio 
»FREDERICKSON, Epwarp A., Univ. of 
Oklahoma, Norman, Okla. 
V*FRENZEL, HuGH N., 1405 W. Tennessee, 
Midland, Texas 
yFr1Tz, EpwarpD B., Union Oil Co. of Calif., 
17810 S. Central Ave., Compton, Calif. 
FRIZZELL, Don L., Missouri School of 
Mines, Rolla, Mo. 
FrYE, JoHN C., State Geol. Survey, Univ. 
of Kansas, Lawrence, Kan. 
. GaLLtoway, J. J., Indiana Univ., Blooming- 
ton, Ind. 
,GARDNER, JuLta,: U. S. Geol. Survey, 
Washington, D. C. 
.GarRETT, J. B., Jr., Stanolind Oil & Gas 
Co., Box 3092, Houston, Texas 
v*GARRIGA-G., HERMES, Mene Grande Oil 
Co., Apt. 709, Caracas, Venezuela, S. A. 


‘ 


‘ 















252 


V*GEISLER, JEAN M., 1620 W. Church St., 
Champaign, III. 

VGETZENDANER, F. M., Yellville, Ark. 

yGILBERT, CHARLES M., Univ. of California, 
Berkeley, Calif. 

/GILBERT, ORRIN W., 2407 E. Broadway, 
Temple City, Calif. 

GILES, ALBERT W., Box 112, Univ. Sta., 
Fayetteville, Ark. 

/GILL, J. P., Box 521, Tulsa, Okla. 

AGILLULY, JAMES, Univ. of California, Los 
Angeles, Calif. 

/*GIMBREDE, Louis DE A., 3111 Tom Green, 
Austin, Texas 

/GLEDDIE, JOSEPH, 1925 Twenty-Seventh 
St., S. W., Calgary, Alta., Canada 

vyGLENN, LEonipas C., Vanderbilt Univ., 
Nashville, Tenn. 

/GOLDICH, SAMUEL S., 205 Pillsbury Hall, 
Univ. of Minnesota, Minneapolis, 
Minn. 

v*GOLDMAN, Marcus I., 707 Twentieth St. 
N. W., Washington, D. C. 

(GOLDSTEIN, AuGuST, JR., 3540 S. Wheel- 
ing, Tulsa, Okla. 

yGoopmAN, A. J., Socony-Vacuum Explor. 
Co., Calgary, Alta., Canada 

y GoopricH, PAuL K., 1334 Esperson Bldg., 
Houston, Texas 

/*"Gorvon, MacKeEnzig, Jr., U. S. Geol. 
Survey, Washington, D. C. 

, GoupkoFrfF, PAUuL P., 799 Subway Terminal 
Bldg., Los Angeles, Calif. 

/GouLp, Howarp R., 5854 Wilton PI. S., 

Los Angeles, Calif. 

GRAHAM, JOSEPH J., Stanford Univ., Stan- 

ford University, Calif. 

/GRANT, DRANE FONEs, Sun Oil Co., 1369 
N. Zangs Blvd., Dallas, Texas 

»Grant, U. S., IV, Univ. of California, Los 
Angeles, Calif. 

/GRAVELL, DONALD W., Cuban Gulf Oil Co., 
Apt. 729, Havana, Cuba 

YGREENE, FRANK C., 900 E. 
Kansas City, Mo. 

/GRIBI, Epwarp A., JR., Sinclair Petr. Co., 
Box 51, Diredawa, Ethiopia 

VGRIFFITHS, J. C., Pennsylvania State Col- 
lege, State College, Pa. 

yGricssy, R. B., 2810 E. Twenty-sixth St., 
Tulsa, Okla. 

-GriLey, H. L., Sun Oil Co., Box 1348, 
Tulsa, Oklahoma 

GrossMAN, I., U. S. Geol. Survey, Box 590, 
Albany, N. Y. 


' 


Ninth St., 
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Gruss, Davin M., Drilling & Explor. Co., 
Inc., Box 182, Abilene, Texas 

GUTSCHICK, RAYMOND C., Univ. of Notre 
Dame, Notre Dame, Ind. 

““GuTsTaDT, ALLAN M., Johns 
Univ., Baltimore, Md. 

HADLEY, WADE H., Jr., Mene Grande Ojl 
Co., Apt. 709, Caracas, Venezuela, 
S. A. 

*HaLsouty, M. T., Shell Bldg., Houston, 
Texas 

/HALSTED, Morris E., Amerada Petr. Corp., 
1811 Esperson Bldg., Houston, Texas 

HaAMILL, JAMES M., The Texas Co., 929 S, 
Broadway, Los Angeles, Calif. 

/HamILtTon, C. E., Naval Petr. Reserve No. 
4, Box 1310, Fairbanks, Alaska 

vHamILTon, I. B., Box 2792, Odessa, Texas 

HAMMOND, JACKSON H., Shell Oil Co., Inc., 
2080 Obispo Ave., Long Beach, Calif. 

/HANDIN, JOHN W., 106543 Ayres Ave., Los 
Angeles, Calif. 


Hopkins 


vHanna, G Dattas, California Academy 


of Sciences, San Francisco, Calif. 

,Hanna, Marcus A., Gulf Oil Corp. 
Houston, Texas 

Hanson, ALvIN M., Residence Hall, Apt. 
A., Montana School of Mines, Butte, 
Mont. 

*HANZAWA, SHOSHIRO, Tohoku Univ., Inst. 
of Geol. and Pal., Sendai, Japan 
JHarLTon, Bruce H., Amerada Petr. Corp., 

Box 2040, Tulsa, Okla. . 
vHARRINGTON, GEORGE L., 566 Washington 
Ave., Palo Alto, Calif. 

*HARTSHORN, JOSEPH H., 42 Prentiss St., 
Cambridge, Mass. 

*Hatal, Korora, Inst. of Geology and 
Paleon., Tohoku Univ., Sendai-City, 
Miyagi Prefecture, Japan 

‘Hawkins, GLENN D., 806 Kennedy Bldg., 
Tulsa, Okla. 

*HaAwkKINs, HarRo_p H., U. S. Geol. Survey, 
Washington, D. C. 

“Hayes, JAMES F., 2302 Indian Trail, 
Austin, Texas 

HayEs, JOHN R., 311 Judson St., Longmont, 
Colo. 

*HayEs, RayMonD B., 2451 Midway St., 
Alexandria, La., 

VHazzarD, Roy T., Gulf Refg. Co., Box 1731, 
Shreveport, La. 

HepBeErG, Ho.uts D., Gulf Oil Corp., 17 
Battery Pl., New York, N. Y. 
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/HENBEST, LLoypD G.,U.S. Geol. Survey, 302 
U.S. Natl. Museum, Washington, D.C. 
/HENDRICKS, Leo, Box 247, T. C. U. Sta., 
Fort Worth, Texas 
fHENTON, JOHN MELVIN, JR., 
. talba St., New Orleans, La. 

/*HERBERT, PAUL, Jr., Tri-State Zinc Co., 
Galena, Ili. 

HERRING, Lois ScHuLz, The Texas Co., 
New Orleans, La. 

_/*HEsS, HARRY H., Princeton Univ., Prince- 
ton, N. J. 

y*HIBBARD, RAYMOND R., 219 Bissell Ave., 
Buffalo, N. Y. 

/*HICKs, ForREsT L., 
Puente, Calif. 

Hicks, I. Curtis, Phillips Petr. Co., Ard- 
more, Okla. 

/HiGazy, Rap A., Grant Inst. of Geology, 
King’s Bldg.., Univ. of Edinburgh, 
Edinburgh, Scotland 

yHiceins, JAMES W., Standard Oil Co. of 
Calif., Box 1200, Bakersfield, Calif. 

/Hices, WILLIAM R., Box 1482, University, 
Ala. 

/HincHEY, NorMAN S., Washington Univ., 
St. Louis, Mo. 

_HockMAN, JAMES N., Box 68, Salem, III. 

/HotcomB, CHARLES W., Humble Oil & 

Refg. Co., Corpus Cheisti, Texas 

/HoLDEN, FREDERICK T., The Carter Oil Co., 

Box 1490, Jackson, Miss. — 
VHOLLIDAY, SAMUEL, 207 Mulberry Lane, 
Bellaire, Texas 
JHOLLINGSWORTH, R. V., Box 51, Midland, 
Texas 
VHoLzMAN, JOHNSTON E., 52313 Via Corona, 
Los Angeles, Calif. 
ONESS, CHARLES W., Gulf Refining Co., 

Box 774, Evansville, Ind. 

HOPKINS, ALFRED A., JR., Richfield Oil 
Corp., Bakersfield, Calif. 

VHORNBERGER, JOSEPH, JR., 1637 Commerce 
Bldg., Houston, Texas 

V*HorTON, ERNEST H., 21 Chestnut St., 
Garden City, L. I., N. Y. 

/Movcu, Jack Luin, Univ. 
Urbana, III. 

/HowarD, JESSE JAMES, Creole Petroleum 
Corp., Apt. 889, Caracas, Venezuela, 
S. A. 

/Howe, HEnryY V., Louisiana State Univ., 
Baton Rouge, La. 

¥HowELL, B. F., Princeton Univ., Prince- 
ton., N. J. 


1014 Pon- 


1701 Edgeridge Dr., 


V 


of Illinois, 


-*HuRLEY, Myre W., 


VHurF, JacK NEwTon, Box 1348, Duncan, 
Okla. 

VHuFrMaNn, GEorGE G., Faculty Exchange, 
Univ. of Oklahoma, Norman, Okla. 


¥V *HuGuHeEs, ADEN W., 433 E. Camino Colegio, 


Santa Maria, Calif. 

VHuGHES, R. J., JR., Mississippi State Col- 
lege, State College, Miss. 

VHuGHEs, RicHarD D., Socony-Vacuum 
Explor. Co., Lancaster Bldg., Calgary, 
Alta., Canada 

» HuGHES, URBAN B., 
Laurel, Miss. 

/*HuRLBUT, ELVIN MILLARD, JR., Shell Oil 
Co., Box 2037, Tyler, Texas 

258 Glendora Ave. 


464 Twelfth St., 


Long Beach, Calif. 

MHurry, FLoyp Puiuip, The Carter Oil Co., 
Wichita, Kan. 

vHussEy, KEITH M., 
Ames, Iowa 

_HoutcHeEson, R. B., Superior Oil Co., Box 
1031, Bakersfield, Calif. 

vIk1ns, WILLIAM C., 1403 City Natl. Bank, 
Houston, Texas 

v-INMAN, Dovucias L., Scripps Inst. of 
Oceanography, La Jolla, Calif. 

,IRELAND, HuBERT ANDREW, Univ. of 
Kansas, Lawrence, Kan. 

ASKANDER, WassiF, 2 Sharia El Sabban, 
Abbassia, Cairo, Egypt 

, ISRAELSKY, MERLE C., California Institute 
of Technology, Pasadena, Calif. 

vJABLONSKI, EUGENE, Apt. A-52 Hudson 
View Gardens, One Hundred Eighty- 
Third St. and Pinehurst Ave., New 
York, N. Y. 

Jacos, KuriEN, Geological Survey of 
India, 27 Chowringhee, Calcutta, India 

\JEFForDS, RussELL M., Univ. of Iowa, 
Iowa City, Iowa 

, Jounson, F. W., Creole Petr. Corp., Apt. 
172, Maracaibo, Venezuela, S. A. 

vJouNnson, J. HARLAN, Colorado School of 
Mines, Golden, Colo. 

Jounson, WILLIAM R., The Texas Co., 

, Ardmore, Okla. 

“JoNES, BRADForD C., 1850 E. Sycamore 
St., Rt. 3, Anaheim, Calif. 

YJONES, FRED B., Jr., Box 30, Ardmore, Okla. 

JONES, VERNER, Socony-Vacuum Oil Co. of 
Venezuela, Apt. 246, Caracas, Vene- 
zuela, S. A. 

yJorpan, Louise, Sun Oil Co., Box 46, 
Amarillo, Texas 


Iowa State College, 


ee 
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“*JurIN, NICHOLAS V., The Texas Co., 929 
S. Broadway, Los Angeles, Calif. 
vKAMMERER, JOHN CRralG, Philadelphia 

Academy of Natural Sciences, Nine- 

teenth and Parkway, Philadelphia, Pa. 
“Kastuuri, A. K., Dept. of Geology, 

Presidency College, Madras, India 

JKATE, FREDERICK H., 5801 N. W. Fifty- 
Sixth St., Oklahoma City, Okla. 

/*KAUFFMAN, ARNOLD E., Humble Oil & 
Refg. Co., 409 Industries Bldg., New 
Orleans, La. 

/ KAUFFMAN, JAMES S., Sinclair Oil & Gas 
Co., Tulsa, Okla. 

V KAUFMANN, GODFREY F., Standard-Vacuum 
Oil Co., Room 643, 26 Broadway, New 
York, N. Y. 

/ Kay, MARSHALL, 
York, N. Y. 

KELLER, JamEs E., 318 East Fourth St., 
Ottawa, Kan. 

VKELLER, W. D., 203 Swallow Hall, Univ. of 
Missouri, Columbia, Mo. 

VKELLEY, FREDERIC R., Box 1714, Stanford 
University, Calif. 

-KELLUM, Lewis B., Museum of Paleon- 
tology, Univ. of Michigan, Ann Arbor, 
Mich. 

JKELLY, WILLIAM A., Michigan State Col- 
lege, East Lansing, Mich. 

/Kemp, AvuGusTA HASSLOCK, 
Seymour, Texas 

V*KING, RacpH H., 320 First Natl. Bank 
Bldg., Wichita Falls, Texas 

VK1NG, ROBERT Evans, The Texas Co., 135 
E. Forty-Second St., New York, N. Y. 

yVKirBy, Louie C., Box 1404, Houston, Texas 

JKLEINPELL, ROBERT M., 504 Mira Vista 
Ave., Oakland, Calif. 

VKLEINPELL, W, D., Box 1131, Bakersfield, 
Calif. 

“*KLEMME, H. Douc tas, Standard Oil Co. of 
Calif., 11-C Camp, Taft, Calif. 

VKLOVSTAD, JULIE ANNE, Consulting, 1135 
University Ave., Boulder, Colo. 

VKNIGHT, J. BROOKEs, U. S. Natl. Museum, 
Washington, D. C. 

VKNIKER, HEDwiG T., Seguin, Texas 

JKOENIG, Kart J., Shell Oil Co., Box 2099, 
Houston, Texas 

V*KRAYE, ROBERT FRANK, Atlantic Refg. 

' Co., Cherry, IIl. 
. KRUMBEIN, W. C., 
Evanston, III. 


Columbia Univ., New 


Box 626, 


Northwestern Univ., 
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VKRYNINE, Pau D., School of Mineral In- 
dustries, State College, Pa. 

y KUFFEL, GEORGE C., Shell Oil Co. Lab,, 
2080 Obispo, Long Beach, Calif. 

{ KuGLER, H. G., Trinidad Leaseholds Ltd., 
Pointe-a-Pierre, Trinidad, B. W. I. 

, KUMMEL, BERNHARD, Natural History 
Bldg., Univ. of Illinois, Urbana, Ill. — 

/Lapp, Harry S., 2627 Adams Mill Rd. 
N.W., Washington, D. C. 

,LatminG, Boris, The Texas Co., 929 §S, 
Broadway, Los Angeles, Calif. 

YLALICKER, CEcIL G., Univ. of Kansas, 
Lawrence, Kan. 

“LARSEN, Esper S., U. 
Washington, D. C. 

Latta, LEE ALLEN, Shell Oil Co., Drawer 
5157, Drew Sta., Lake Charles, La. 

LEASE, LESLIE W., Box 1346, Casper, Wyo. 

/*LEE, A. THEODORE, 523 Sunderland Ave., 
Calgary, Alta., Canada 

VLEITH, CARLTON J., U. S. Engineers, South 
Pacific Div. Lab., Sausalito, Calif. 

yLERoy, LEsLIE W., Colorado School of 
Mines, Golden, Colo. 

/*LEVINSON, Stuart A., Washington Univ., 
St. Louis, Mo. 


S. Geol. Survey, 


_ Levorsen, A. I., Dept of Geology, Stanford 


University, Stanford University, Calif. 

VLEwWIs, JEAN, 1004 W. Kansas, Midland, 
Texas 

“Ley, Ross HEnry, Sun Oil Co., Box 512, 
Roswell, N. Mex. 

vLILL, GorDON G., Office of Naval Research, 
Geophysics Branch, Washington, D. C. 

V*LocKER, WALTER A., JR., Univ. of IIlinois, 
Urbana, III. 

YLOEBLICH, ALFRED R., JrR., U. S. Natl. 
Museum, Washington, D. C. 

LoEL, WAYNE, 804 Subway Terminal Bldg., 
Los Angeles, Calif. 

/LOHMAN, CLARENCE, JR., 505 Rathervue, 
Austin, Texas 

vLONSDALE, JOHN T., 
Austin, Texas 

*LOUPEKINE, I. S., The University, Geology 
Dept., Bristol, England 

(LOWENSTAM, HErNnz A., Univ. of Chicago, 
Chicago, IIl. 

/LowMAN, SHEPARD W., Shell Oil Co., Box 
2099, Houston, Texas 

Lucas, ELMER LAWRENCE, 219 W. Eufaula 
St., Norman, Okla. 


Univ. Sta., Box B, 
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/*Lupwick, JoHN C., 3672 Strandway, 
Mission Beach, Calif. 
_ LUGN, Atvin L., Univ. of Nebraska, 
Lincoln, Nebr. 

ALUNDELIUS, ERNEST L., JR., Rt. 5, Box 83, 
Austin, Texas 

#1 uTz, ALAN, 52 Belshaw Ave., Eatontown, 
N. J. 

LYNCH, SHIRLEY A., Texas Agricultural and 
Mechanical College, College Station, 
Texas 

y*LytH, A. L., JR., 2615 Twenty-Fourth 

Ave., Apt. 4, Meridian, Miss. 

/McCULLocu, GEORGE G., Creole Petroleum 
Corp., Geologia, Jusepin Camp, Cari- 
pito, Venezuela, S. A. 

,McGeg, Dean A., Kerr-McGee Bldg., 306 
N. Robinson, Oklahoma City, Okla. 
/McKeE, Epwin D., Univ. of Arizona, 

Tucson, Ariz. 

y*McLEAN, CLARENCE M., III, Atlantic 

Refg. Co., Box 1346, Houston, Texas 


A 


McLean, James D., Jr., 4 Summit PI., 


Belle Haven, Alexandria, Va. 
*McMASTER, ROBERT L., 1149 Margaret 
St., West Englewood, N. J. 
/McNutty, CuarLes LEE, Jr., Univ. of 
Oklahoma, Norman, Okla. 
¥*MacFapyveEn, W. A., Hope’s Grove, Ten- 
terden, Kent, England 
MacNaucuTon, LEwis W., DeGolyer and 
MacNaughton, 1000 Continental Bldg., 
Dallas, Texas 


, MacoMBER, DONALD, JR., Shell Oil Co., 


Box 1748, Baton Rouge, La. 
*MAGNE, JEAN, c/o S. N. Repal, B. P. 72, 
Relizane, Algeria 


, Maticoat, ARTHUR F., Gulf Oil Corp., 5311 


Kirby Dr., Houston, Texas 
MALKIN, Doris S., Shell Oil Co., Houston, 
Texas 


/ManpraA, ALBA, Creole Petroleum Corp., 


Apt. 889, Caracas, Venezuela, S. A. 
yMANGER, G. E., U. S. Geol. Survey, Wash- 
ington, D. C. 


/MANN, JouN F., Jr., Illinois Geol. Survey, 


Urbana, III. 

JMaRKS, JAY GLENN, Creole Petroleum Corp., 
Apt. 889, Caracas, Venezuela, S. A. 
/MARSHALL, LESTER Ray, 2962 S. Detroit 

Ave., Tulsa, Okla. 
MarTENS, JAMES H. C., Bureau of Mineral 


Research, Rutgers Univ., New Bruns- , 


wick, N. J. 


“MaRTIN, JAMES L., Jr., Box 99, Jackson, 
Miss. 

¥MarTINn, Lois T., 2218 D St., Bakersfield, 
Calif. 

¥~MarTYN, Puit F., 2020 Albans Rd., 
Houston, Texas 

V*MaATTHEWS, WILLIAM ‘H., III, Texas 
Christian Univ., Fort Worth, Texas 

v*MAURENBRECHER, A. L. F. J., Caribbean 
Petroleum Corp., Apt. 809, Caracas, 
Venezuela, S. A. 

vMay, ARTHUR R., 2615 Twenty-Second St., 
Bakersfield, Calif. 

vMaync, Wo Fr, Venezuelan Atlantic Refg. 
Co., Apt. 893, Caracas, Venezuela, 
S. A. 

MEANS, JOHN A., Sun Oil Co., Box 1270, 
McAllen, Texas 

Y*MELNIKOFF, TIKHON P., The Texas Co., 
929 S. Broadway, Los Angeles, Calif. 

‘*MENARD, HENRY W., JR., Code 552, Naval 
Electronics Lab., San Diego, Calif. 

J/MEssINA, ANGELINA R., American Museum 
of Natl. History, New York, N. Y. 

MEYER, RICHARD F., Museum of Com- 
parative Zoology, Harvard Univ., Cam- 
bridge, Mass. 

vMICHELIN, JAMES, 621 S. Spring St., Los 
Angeles, Calif. 

VMICKELSON, JOHN CHESTER, State Univ. of 
Iowa, Iowa City, lowa 

v*MIELENZ, RICHARD C., Petrographic Lab., 
Bureau of Reclamation, New Custom- 
house, Denver, Colo. 

/MILLER, A. K., Iowa State Univ., Iowa 
City, Iowa 

» Mitts, Ltoyp C., Southland Royalty Co., 
Box 773, Midland, Texas 

vMisErR, HucH D., U. S. Geol. Survey, 
Washington, D. C. 

.Monsour, E. T., Box 2571, W. Jackson 
Sta., Jackson, Miss. 

YMontcomery, J. C., Harrison Oil Co., 
Houston, Texas 

VMONTGOMERY, JAMES Harvey, 1300 N. 
Pecos St., Apt. C, Midland, Texas 

/Moopy, CLARENCE L., Box 1129, Ohio Oil 
Co., Shreveport, La. 

vMoorg, Cart A., 926 W. Eufaula, Norman, 
Okla. 

yMoorE, Raymonp C., Univ. of Kansas, 
Lawrence, Kan. 

MoreEMAN, WALTER L., 1215 N. W. Thirty- 
Fourth St., Oklahoma City, Okla. 
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¥*MoreEy, Pup S., 205 Kampmann Ave., 
San Antonio, Texas 

*MorRIS, ROBERT H., 38 Hamilton St., 
East Orange, N. J. 

¥ MorRISON, ROBERT E., 2001 Forest Dr., 
Abilene, Texas 

¥ Morrison, T. E., Humble Oil & Refg. Co., 
1037A Humble Bldg., Houston, Texas 

vMorrow, A. Lynpon, 910 Pioneer Bldg., 
Lake Charles, La. 

v*Moss, JOHN HALL, R. D. 1, Bird-in-Hand, 
Pa. 

VMulIL, CHARLES W., Box 133, Encina, Texas 

/Mutr, J. LAWRENCE, 1609 W. Main, Enid, 
Okla. 
*MULLERRIED, F. K. G., Av. Mazatlan 208, 
Tacubaya, Mexico, D. F. ,Mexico 
yMurraAy, GROvER E., Louisiana State 
Univ., Baton Rouge, La. 

yNADEAU, BETTY KELLETT, 
Univ., St. Louis, Mo. 

V*NaFF, JOHN D., Oklahoma A & M College, 
Stillwater, Okla. 

y NATLAND, M. L., 18 E. Crest Rd., Rolling 
Hills, Calif. 

/Nauss, ARTHUR WILLIAM, Pacific Petr. 
Ltd., Calgary, Alta., Canada 

/NELSON, LLoyp A., Texas College of Mines 
& Metallurgy, El Paso, Texas 

(NELson, PauL HuGu, 2001 Natl. Standard 
Bldg., Houston, Texas 

/NEUSTADT, WALTER, JR., Westheimer- 
Neustadt, Box 974, Ardmore, Okla. 

VNEWELL, NorMAN D., American Museum 
of Nat. History, Central Park West at 
Seventy-Ninth St., New York, N. Y. 

vNICHOLS, HERMAN E., Jr., Box 30, Ardmore, 
Okla. 

VNicoL, Davin, U. S. Natl. Museum, Wash- 

_. ington, D. C. 

“NIGGLI, Ernst HEINRICH, Oranjelaang, 
Oegstgeest, Holland 

VNOLTE, CLIFF J., 613 Gordon St., Apt. 4, 
Corpus Christi, Texas 

YOtson, WALTER S., Phillips Petr. 
Corpus Christi, Texas 

vOtsson, A. A., Stump Bridge Rd., R.F.D. 
No. 3, Langhorne, Pa. 

Vv*OtTTo, GEORGE H., 53 W. Jackson Blvd., 
Chicago, III. 

/OVERTON, CHARLES K., Stanolind Oil & Gas 
Co., Box 3092, Houston, Texas 

VOwWEN, EpGar W., 532 Milam Bldg., San 

Antonio, Texas 


¥ 


Washington 


Co., 
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VOWENS, FRITH CRAVENS, 820 Nixon Bldg., 
Corpus Christi, Texas 
Y*PADRON, JOSE Luis, Mene Grande Oil Co, 
Apt. 709, Caracas, Venezuela, S. A. 
v*PALMER, ALLISON R., Univ. of Minnesota, 
Minneapolis, Minn. 
v PALMER, KATHERINE V. W., 206 Oak Hill 
Rd., Ithaca, N. Y. 
, ParDOo, GEORGES, Parmeley Ct. Apts., 133 
Summit Ave., Summit, N. J. 
MPaRKER, FRANCES L., 445 Ravina St., Apt. 
D, La Jolla, Calif. 
, PARKER, FRANK S., Signal Oil & Gas Co., 
811 W. Seventh St., Los Angeles, Calif, 
y PARKER, WILLIAM G., Gulf Oil Corp., 5311 
Kirby Dr., Houston, Texas 
,/PASQUELLA, GEORGE G., 420 Fidelity Bank 
Bldg., Oklahoma City, Okla. 
yPattTon, Leroy T., Texas Technological 
College, Lubbock, Texas 
VPAWLEY, JULIAN K., Box 1249, Houston, 
Texas 
vPayNE, THOMAS G., Dept. of Interior, Geol. 
Survey, Alaskan Branch, Washington, 
D.C. 
VPECK, RAYMOND E., Univ. of Missouri, 208 
Swallow Hall, Columbia, Mo. 
VPETRUSEK, BENJAMIN J., Stanolind Oil & 
Gas Co., Box 3092, Houston, Texas 
vPETTERS, VIKTOR, Tropical Oil Co., Apt. 
Nacl. No. 335, Bogota, Colombia, S. A. 
vVPETTIJOHN, F. J., Univ. of Chicago, Chicago, 
Ill. 
VPETTY, DABNEY E., 
Antonio, Texas 
,*PEweE, Troy L., Permafrost Section, U. S. 
Geol. Survey, Washington, D. C. 
V*PFANNKUCHE, Mrs. H. C., 2428 Shirley, 
Fort Worth, Texas 
/PFEIFFER, Davin H., The California Co., 
Box 780, Denver, Colo. 
/Puituips, HENRY H., Stanolind Oil & Gas 
Co., Box 3092, Houston, Texas 
v PuiLpott, THoMAs H., The Carter Oil Co., 
Box 1739, Shreveport, La. 
¥PITTMAN, JAMES S. JR., Louisiana State 
Univ., Box 6943, Baton Rouge, La. 
/POLLARD, ROBERT T., 414 Terminal Bldg., 
Oklahoma City, Okla. 
‘PORTERFIELD, ROBERT R., Devonian Co., 
Tulsa, Okla. 
‘*PurI, HARBANS SINGH, Louisiana State 
Univ., Baton Rouge, La. 
Pye, WILLARD D., Box 2574, Fargo, N. Dak. 
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/PyEaTT, LtoyD M., 1973 W. Gray, Houston, 
Texas 

yPyrE, AUGUSTIN, Gulf Oil Corp., 17 Battery 
Pl., New York, N. Y. 

RaascH, ALBERT C., JR., Humble Oil & 

Refg. Co., Box 506, Tallahassee, Fla. 

JRABANIT, PAUL, Iraq Petr. Co. Ltd., Box 
215, Tripoli, Lebanon 

/*RaMSEY, Patrick H., Box 4717, College 
Station, Texas 

/ RANKIN, WILBUR D., 215 W. Seventh St., 
Los Angeles, Calif. 

¥Rau, WELDON W., College of Puget Sound, 
Tacoma, Wash. 

/REED, EUGENE C., 
Lincoln, Nebr. 

/REESIDE, JOHN B., JR., Box 177, Hyatts- 
ville, Md. 

/REINHART, PHILIP W., 412 S. Grant St., 
Casper, Wyo. 

VREITER, W. A., 1815 Bissonet St., Houston, 
Texas 

/ RENFRO, KENNETH M., 610 Chautauqua, 
Norman, Okla. 

/RENZ, HANS HERMANN, Mene Grande 
(Gulf) Oil Co., Apt. 709, Caracas, 
Venezuela, S. A. 

/ REVELLE, RoGER, 7348 Vista Del Mar, La 
Jolla, Calif. 

VRicHarpbs, J. T., Gulf Oil Corp., Box 1557, 
Oklahoma City, Okla. 

/RigEs, HEINRICH, 401 Thurston Ave., Ithaca, 
N. Y. 

/RicGs, R. J., 214 Woodward Blvd., Tulsa, 
Okla. 

VRiccs, WiLLt1AM A., Gulf Mobile & Ohio 
Railroad, Mobile, Ala. 

/RIPPLE, ALFRED L., 1816 Nueces St., 
Austin, Texas 

/RITTENHOUSE, GorRDON, Univ. of Cincinnati 
Cincinnati, Ohio 

/Ritts, L. CHASE, JR., Stanolind Oil & Gas 
Co., Corpus Christi, Texas 

V*RIVEROLL, Davip D., The Texas Co., Rm. 
715, 939 S. Broadway, Los Angeles, 
Calif. 

VROBECK, Raymonp C., U. S. Geol. Survey, 
230 New Customhouse, Denver, Colo. 

VRosiInson, VAN D., Atlantic Refg. Co., 
707 McNeil St., Shreveport, La. 

“ROGERS, JAMES K., Arkansas Fuel Oil Co., 
1707 Milam Bldg., San Antonio, Texas 

/ROLsHAUSEN, F. W., Humble Oil & Refg. 
Co., Humble Bldg., Houston, Texas 


1909 Perkins Blvd., 





257 


VRopER, FRANK C., 1712-A Esperson Bldg., 
Houston, Texas 

VROTHWELL, W. THomaAs, JR., Richfield Oil 
Corp., 3900 Gariota Ave., Long Beach, 
Calif. 

YRUSSELL, R. Dana, U. S. Navy Electronics 
Lab., San Diego, Calif. 

VRusso, Martin, Sun Oil Co., Box 1270, 
McAllen, Texas 

Russom, VAUGHN W., Sinclair Prairie Oil 
Co., Rocky Ford, Colo. 

/RutH, JOHN W., 529 Las Tunas Dr., Ar- 
cadia, Calif. 

» RYNIKER, CHARLES, Gulf Oil Corp., Box 
661, Tulsa, Okla. 

» *Sarp, Rusupy, Harvard Univ., Cambridge, 


Mass. 
ySALvapor, Amos, Stanford Univ., Palo 
Alto, Calif. 


VSAMPLE, CHARLES Hurst, 1907A Niels 
Esperson Bldg., Houston, Texas 
/SANDIDGE, JOHN R., Magnolia Petr. Co., 
1704 Alamo Natl. Bldg., San Antonio, 
Texas 

» SANFORD, JOHN T., Wayne Univ., Detroit, 
Mich. 

/Sass, Louts Cart, Mene Grande Oil Co., 
Apt. 45, Barcelona, Venezuela, S. A. 

Y*Sawin, Horace J., Univ. of Houston, 
Houston, Texas 

/SCHENCK, HUBERT G., Box 1528, Stanford 
University, Calif. 

¥*ScuMIDT, RuTHA. M., U.S. Natl. Museum, 
Washington, D. C. 

/ SCHOONOVER, JACK GARDNER, Texas Petr. 
Co., Apt. Postal 877, Bogota, Colombia, 
S. A. 

“SCHWEERS, FREDERICK PAUL, Samedan Oil 
Corp., Ardmore, Okla. 
YSCHWEERS, RICHARD HENRY, The Texas 
Co., Box 1720, Fort Worth, Texas 
*ScoBEY, ELiis H., Bay Petr. Corp., Box 
1785, Midland, Texas 

/ScoTt, EpwarD W., Union Oil Co. of Calif., 
240 Ricou-Brewster Bldg., Shreveport, 
La. 

vScotTt, HaroLtp W., 244 Natural History 
Bldg., Urbana, III. 

. SCRAFFORD, JOHN Bruce, 1610 Alamo Natl. 
Bldg., San Antonio, Texas 

VSEAGER, O. A., Arabian-American Oil Co., 
Dhahran, Saudi Arabia 

vSEASHORE, P. T., American Bank Bldg., 
New Orleans, La. 
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/SExIG, A. L., 5118 Grantwood, Houston, 
Texas 

YSELLIN, H. A., Magnolia Petr. Co., Box 
3671, W. Jackson, Miss. 

/SERVISS, FRED L., Purdue Univ., Lafayette, 
Ind. 

Y/SETZER, FRANcIS M., 
Bellaire, Texas 

/*SEXTON, JAMES V., Box 8197, Louisiana 
State Univ., Baton Rouge, La. 

/SHAUB, BENJAMIN M., 159 Elm St., North- 
ampton, Mass. 

» SHEPARD, FRANCIS P., Scripps Institution of 
Oceanography, La Jolla, Calif. 

V SHIELDS, JAMES A., Socony-Vacuum Oil Co., 
Apt. 246, Caracas, Venezuela, S. A. 

/*SHRIVASTAVA, RAMESHWAR NATH, Burmah 
Oil Co. (I. C.) Ltd., 11 Gurusaday Rd., 
Ballygauge, Calcutta, India 

»SHROCK, ROBERT R., Massachusetts In- 
stitute of Technology, Cambridge, 
Mass. 

ASuHuKRI, N. M., Faculty of Science, Uni- 
versity of Egypt, Abbassia, Cairo, Egypt 

vVSIDWELL, RAYMOND, Texas Technological 
College, Lubbock, Texas 

SIEGFUS, STANLEY S., 914 N. Isabel, Glen- 
dale, Calif. 

ASriwon, Louts J., The Texas Co., Room 715, 
929 S. Broadway, Los Angeles, Calif. 

.SIMONSON, RUSSELL R., Ohio Oil Co., 437 
S. Hill St., Los Angeles, Calif. 

,*SINDOWSKI, KARL-HEINz, Auf dem Larch- 
enberge 14, (20a) Hannover, British 
Zone, Germany 

VSLoss, LAURENCE L., Northwestern Univ., 
Evanston, III. 

*SLosson, JAMES E., U. S. Geol. Survey, 
Los Angeles, Calif. 

YSMITH, FRED E., Texas Agricultural and 
Mechanical College, College Station, 
Texas 

/SMITH, RALPH E., U. S. Geol. Survey, 309 
Federal Bldg., Albuquerque, N. Mex. 

“SNEED, HENRY E., Univ. of Illinois, 234 
Nat. History Bldg., Urbana, III. 

(SNIDER, JAMES WILSON, Amerada Petr. 
Corp., Casper, Wyo. 

VSoun, I. G., U. S. Geol. Survey, Washing- 
ton, D. C. 

VSONNENBERG, FRANK P., Amerada Petr. 
Corp., Box 1401, Billings, Mont. 
JSOUAYA, FERNAND J., 17 Kasr-el-nil St., 

Cairo, Egypt 
ySOWERS, Gorpon M., Geol. Lab., Creole 


536 College St., 
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Petr. Corp., Jusepin, Estado Monagas, 
Venezuela, S. A. 

YSPENCER, Mari, Rio Bravo Oil Co., Ltd., 
203 Wilson Electric Bldg., Calgary, 
Alta., Canada 

\ SPIEKER, EpmMuND M., Orton Hall, Ohio 
State Univ., Columbus, Ohio 

\*SPROTTE, EDWARD C., 1001 N. Monterey 
St., Alhambra, Calif. 

y SPROULE, J. C., International Petr. Co., 434 
Univ. Ave., Toronto, Ont., Canada 

/StacH, LEo W., Natural Resources Section, 
GHQ, SCAP, APO 500, c/o P.M., San 
Francisco, Calif. 

. STAINBROOK, MERRILL A., Brandon, Iowa 

/STAINFORTH, ROBERT M., International 
Petr. Co., Ltd., Negritos, Peru, S. A. 

, STAUFFER, CLINTON R., 2247 Loma Vista 
St., Pasadena, Calif. 

STEAD, FREDERICK L., 385-D Deep Eddy 
Apts., Lake Austin Blvd., Austin, Texas 

ySTENZEL, H. B., Bureau of Economic Geol- 
ogy, Univ. of Texas, Austin, Texas 

.STEPHENSON, LLoyp W., 218 Vance St., 
Chapel Hill, N. C. 

. STEPHENSON, Mor Ton B., Stanolind Oil & 
Gas Co., Box 3092, Houston, Texas 

“YSTETSON, HENRY C., Museum of Compara- 
tive Zoology, Harvard College, Cam- 
bridge, Mass. 

STEVENSON, FRANK V., Tropical Oil Co., 
Dept. de Geologia, Apt. Nacl. No. 325, 
Bogota, Colombia, S. A. 

V*STEVENSON, ROBERT E., 723 W. Palmer 
Ave., Compton, Calif. 

/*STEWART, DUNCAN, Carleton 
Northfield, Minn. 

/STEWART, RoscoE EMERSON, 4075 N. Cas- 
tle Ave., Portland, Ore. 

\ *STEWART, WENDELL J., The Texas Co., 
Box 1720, Fort Worth, Texas 

YSTILL, J. T., Conselho Nacional do Petroleo, 
164 Ave. President Wilson, Rio de 
Janeiro, Brazil, S. A. 

/*Stock, CHESTER, California Institute of 
Technology, Pasadena, Calif. 

, *STONE, BENTON, International Petr. Co., 
Negritos, Peru, S. A. 

-*STONE, KATHERINE M. HALL, Sun Oil Co., 
1369 N. Zangs, Dallas, Texas 

STONE, SOLON W., Trinity College, Hart- 
ford, Conn. 

Stow, Marce.tuius H., Washington & Lee 
Univ., Lexington, Va. 

*STRIMPLE, H. L., Box 94, Bartlesville, Okla. 
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, STUBBS, StipNEY A., Box 722, Houston, 
Texas 

y STUCKEY, CHARLES W., JR., Union Oil Co. of 
Calif., 1134 Commerce Bldg., Houston, 
Texas 

/StupT, CHARLES W., Union Gas System, 
Inc., Independence, Kan. 

/SSTURGEON, Myron T., Ohio Univ., Athens, 
Ohio 

JSTURZ, CuarLes E., 951 College Ave., 
Menlo Park, Calif. 

/SUMMERSON, CHARLES H., Orton Hall, Ohio 
State Univ., Colanion, Ohio 

/SUTHERLAND, Pat K., Sedgwick Museum, 
Cambridge Univ., Cambridge, England 


*SUTTON, A. f., Alenia Ore Co., Rosi- 
clare, III. 
/SWAIN, Frep M., Univ. of Minnesota, 


Minneapolis, Minn. 
/*SWARTZ, FRANK M., Pennsylvania State 
College, State College, Pa. 


/SWINEFORD, ADA, State Geol. Survey, 
Lawrence, Kan. 
/SWIRCZYNSKI, RICHARD PAUL, Box 359, 


Casper, Wyo. 
TANNER, JosepH J., Phillips Petr. Co., 816 
Patterson Bldg., Denver, Colo. 

/TaRBET, Loyat A., Standard Oil Co. of 
Calif., Paso Rubies, Calif. 

ATaToR, BENJAMIN A., Louisiana State 
Univ., Baton Rouge, La. 

/TatuM, EMMETT P., Humble Oil & Refg. 
Co., 1040 Humble Bldg., Houston, 
Texas 

VITAVERNIER, R., 17 rue Paul Fredericgq, 
Gand, Belgium 

¥TayLor, Dwicut W., Museum of Zoology, 
Univ. of Michigan, Ann Arbor, Mich. 

JTayLor, Jack A., Magnolia Petr. Co., 1704 
Alamo Natl. Bldg., San Antonio, Texas 

TAYLOR, WARREN L., El Paso Natural Gas 
Co., Box 1384, Jal, N. Mex. 

/TEN DaM, ABRAHAM, Lab. de Micropalé- 
ontologie, Service des Recherches, 
Miniéres Section Pétrole, Boite Postale 
72, Relizane, Dept. d’Oran, Algérie 

(TESTER, ALLEN C., State Univ. of Iowa, 
Iowa City, Iowa 

/THALMANN, Hans E., Oil Properties Con- 
sultants, Inc., 709-711 S. Fair Oaks 
Ave., Pasadena, Calif. 

yTHoMAS, NorMAN L., Pure Oil Co., 
Christi, Texas 

vTHompson, M. L., Univ. of Wisconsin, 
Madison, Wis. 


Corpus 


vy Upson, 


“Tuompson, S. A., Magnolia Petr. Co., Box 
900, Dallas, Texas 

YTHOMPSON, WARREN C., Scripps Institu- 
tion of Oceanography, La Jolla, Calif. 

*THorP, ELpon M., Water Conservation 
Div., Soil Cons. Serv., Box 1348, Albu- 
querque, N. Mex. 

vTIPSWORD, HowAarD LEE, Box 872, Lake 
Charles, La. 

/*TOEPELMAN, WALTER C., Univ. of Colo- 
rado, Boulder, Colo. 

*To.eEr, JACK C., JR., Rt. 1, Baker, La. 

TOMLINSON, CHARLES W., 509 Simpson 
Bldg., Ardmore, Okla. 

-TourTELoT, Harry A., U. S. Geol. Survey, 
Washington, D. C. 

,TRASK, PARKER D., 491 Crescent St., Oak- 
land, Calif. 

/TRAVIS, RICHARD, 110 Midco Bldg., Tulsa, 
Okla. 

.TRAXLER, J DouGLas, 15510 Friends St., 
Pacific Palisades, Calif. 

TROWBRIDGE, A. C., 1182 E. Court St., lowa 
City, lowa 

vTscuopp, H. I., Am Ausserberg 53, Riehen- 
Basle, Switzerland 

TULLIS, EDWARD L., South Dakota School 
of Mines, Rapid City, S. D. 

/TurK, Lon B., 823 First National Bldg., 
Oklahoma City, Okla. 

/TURNER, FRANCIS E., The California Co.., 
1818 Canal Bldg., New Orleans, La. 

VETWENHOFEL, W. H., Rt. 3, Box 459C, 
Orlando, Fla. 

VIwINING, JOHN T., Univ. of Texas, Bureau 
of Economic Geology, Austin, Texas 

*TYLER, STANLEY A., Univ. of Wisconsin, 
Madison, Wis. 

)UBAGHS, GEORGES J. C., Université, In- 
stitute de Paléontologie, 7 Place du 
Vingt Adut, Liége, Belgium 

, Upp, JERRY E., Amerada Petr. Corp., Box 
2040, Tulsa, Okla. 

M. E., Gulf Oil Corp., Box 1290, 
Forth Worth, Texas 

**Van ANDEL, TJEERD HENDRIK, Geol. Lab. 
Agric. Univ., Wageningen, Netherlands 

“Van BELLEN, RoBERT CAREL, Syria Petr. 

Co., Aleppo, Syria 

HOUTEN, FRANKLYN 

Univ., Princeton, N. J. 

VAN RAADSHOOVEN, BERTRAM, Shell C.P.C., 
Apt. 19, Maracaibo, Venezuela, S. A. 

¥VaTan, A., 60 Avenue d’Iena, Paris, 
France 


B., Princeton 


WAN 
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(VaucHan, T. WAYLAND, 3333 P St., Wash- 
ington, D. C. 

{ VONDERSCHMITT, Louis, Geol. Institute, 
Bernoullianum, Basel, Switzerland 

/WabeE, F. ALton, Miami Univ., Oxford, 


Ohio 

(WaGNER, CARL D., 2259 S. Troost, Tulsa, 
Okla. 

JAWacner, C. RicHarp, Pure Oil Co., Box 


2127, Amarillo, Texas 

“*WaLpo, A. W., College of the Pacific, 
Stockton, Calif. 

V*WALLACE, MAurRICE H., Esso Standard Oil 
Co., Box 1288, Luanda, Angola 

, WALTERS, RoBERT F., 510 Orpheum Bldg., 
Wichita, Kan. 

v*WanG, K1A-KAnce, 414 E. State St., Baton 
Rouge, La. 

VWANLEssS, HAROLD R., 126 Natural History 
Bldg., Univ. of Illinois, Urbana, III. 

vWarTHIN, A. S., JR., Vassar College, 
Poughkeepsie, N. Y. 

, WaTERS, JAMES A., Sun Oil Co., Box 2880, 
Dallas, Texas 

/*WatTson, ELIZABETH, 5823 Packard St., 
Los Angeles, Calif. 

¢*WEaRT, RICHARD C., 
Urbana, III. 

/ WEAVER, CHARLES E., Univ. of Washing- 
ton, Seattle, Wash. 

/WEEKS, H. J., Sun Oil Co., 1608 Walnut, 
Philadelphia, Pa. 

WEEKS, WarREN B., 1617 Hillcrest Dr., 
Bartlesville, Okla. 

VWELLER, J. Marvin, Walker Museum, 
Univ. of Chicago, Chicago, III. 

yWENGERD, SHERMAN A., Univ. of New 
Mexico, Albuquerque, N. Mex. 

(West, GLEN D., Gulf Oil Corp., Houston, 
Texas 

y WESTHEIMER, JEROME Max, 815 Third 
Ave. S. W., Ardmore, Okla. 

/ WESTMORELAND, FRANK S., 2311 Dunstan 
Rd., Houston, Texas 

WeymouTtH, A. ALLEN, American Inde- 
pendent Oil Co., 111 Sutter St., San 
Francisco, Calif. 

/WHEELER, A. Epwarp, 1769 Valley Park 
Ave., Hermosa Beach, Calif. 

WHipp_e, G. LESLIE, Box 2087, Amarillo, 
Texas 

WHISTLER, REx, 703 Hightower 
Oklahoma City, Okla. 

Waite, Maynarp P., Gulf Oil Corporation, 
Box 30, Ardmore, Okla. 


307 W. Elm St., 


Bldg., 
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Waite, R. T., State Explor. Co., Rm. 612 
Transamerica Bldg., 649 S. Olive St., 
Los Angeles, Calif. 

MWuitneEy, F. L., 2715 Woolridge Dr., 
Austin, Texas 

““WICKENDEN, RoBERT T. D., Geological 
Survey of Canada, Ottawa, Ont., 
Canada 

 WILBERT, Louis J., JR., Louisiana State 
Univ., Baton Rouge, La. 

“WILLIAMS, JAMES STEELE, U. S. Geol. 
Survey, Washington, D. C. 

AWILLIAMS, JOHN R., 58 Gregory St., 
Marblehead, Mass. 


/WILSON, GEORGE M., 505 W. Vermont, 
Urbana, IIl. 

AWitson, Ira T., Heidelberg College, Tif- 
fin, Ohio 


“AWILson, JAMES LEE, 2201 Schulle Ave., 
Austin, Texas 

V*WiLtson, LEONARD R., Univ. of Massa- 
chusetts, Amherst, Mass. 

/WIMBISH, FoRREST EDWIN, Magnolia Petr. 
Co., Box 1828, Oklahoma City, Okla. 

YWINKLER, Hans, Sun Oil Co., Box 512, 
Roswell, N. Mex. 

vWINKLER, VIRGIL D., Creole Petr. Corp., 
Apt. 889, Caracas, Venezuela, S. A. 

*\WINTERBOTHAM, JOHN RUSSELL, III, 1238 
N. State St., Chicago, III. 

YWWinTon, W. M., Texas Christian Univ., 
Fort Worth, Texas 

Wrz, A. E., c/o T.P.D. Co. Ltd., Palo Seco, 
Trinidad, B.W.I. 

#Wissema, G. G., Standard-Vacuum Petr. 
Mij., Paleon. Lab., Soengei Gerong, 
Sumatra, N. E. I. 


“WISSLER, S. G., Union Oil Co. of Calif., 617 


W. Seventh St., Los Angeles, Calif. 

AWonFor, JOHN S., Canadian Gulf Oil Co., 
301 New Telephone Bldg., Calgary, 
Alta., Canada 

*Woop, ELMER, Box 84, Wilson Center, 
Norman, Okla. 

yWoopForpD, A. O., 443 W. Tenth St., Clare- 
mont, Calif. 

Woops, Raymonp D., Humble Oil & Refg. 
Co., 1065 Humble Bldg., Houston, 
Texas 

VWRATHER, W. E., 4710 Woodway Lane, 
Washington, D. C. 

*WRIGHT, JAMES, 212 Colinton Rd., Edin- 
burgh, Scotland 

¥YounG, Gorpon A., Mene Grande Oil Co., 
Apt. 709, Caracas, Venezuela, S. A. 
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Nouncquist, WALTER L., Univ. of Idaho, 


Moscow, Idaho 


ZELLER, EDWARD J., Univ. of Wisconsin, 
Room 13, Science Hall, Madison, Wis. 
/*ZIMMERMAN, DonaLp A., 311 N. Francis 


St., Madison, Wis. 


V*ZINKSTOK, JOHANNES M., Caribbean Petr. 


Co., Apt. 19, Maracaibo, Venezuela, 
S. A. 


LIST OF MEMBERS AND ASSOCIATES GEOGRAPHICALLY ARRANGED 
UNITED STATES 


ALABAMA 


Mobile—Blackburn, W. C. 
Riggs, William A. 

Tuscaloosa—Eargle, D. Hoye 

University—Andrews, T. G. 
Higgs, William R. 


ARIZONA 
Tucson—McKee, Edwin D. 


ARKANSAS 


Fayetteville—Giles, Albert W. 
Yellville—Getzendaner, F. M. 


CALIFORNIA 


Alhambra—Sprotte, Edward C. 
Anaheim—Jones, Bradford C. 
Arcadia—Ruth, John W. 
Bakersfield—Beck, R. Stanley 

Carlson, Stanley A. 

Ferguson, Glenn C. 

Forrest, Lesh C. 

Higgins, James W. 

Hopkins, Alfred A., Jr. 

Hutcheson, R. B. 

Kleinpell, W. D. 

Martin, Lois T. 

May, Arthur R. 
Berkeley—Durham, J. Wyatt 

Gilbert, Charles M. 
Claremont—Woodford, A. O. 
Compton—Fritz, Edward B. 

Stevenson, Robert E. 
Culver City—Douglas, Patricia Jean 
Encino—Campbell, David G. 
Glendale—Cross, Zilda M. 

Siegfus, Stanley S. 
Hermosa Beach—Wheeler, A. Edward 
Inglewood—Bettinger, Charles E. 
La Jolla—Inman, Douglas L. 

Parker, Frances L. 

Revelle, Roger 

Shepard, Francis P. 

Thompson. Warren C. 


Long Beach—Armstrong, Ursel S. 
Crouch, Robert W. 
Doane, George Herbert 
Elliott, Wayne 
Hammond, Jackson H. 
Hurley, Myrl W. 
Kuffel, George C. 
Rothwell, W. Thomas, Jr. 
Los Angeles—Bandy, Orville L. 
Barnard, Ralph M. 
Braislin, Dana B., Jr. 
Bramlette, M. N. 
Clements, Thomas 
Corey, William Henry 
Driver, Herschel L. 
Easton, William H. 
Emery, Kenneth O. 
Everest, Jane 
Fleming, Frederick A. 
Gilluly, James 
Goudkoff, Paul P. 
Gould, Howard R. 
Grant, U. S., IV 
Hamill, James M. 
Handin, John W. 
Holzman, Johnston E. 
Jurin, Nicholas V. 
Laiming, Boris 
Loel, Wayne 
Melnikoff, Tikhon P. 
Michelin, James 
Parker, Frank S. 
Rankin, Wilbur D. 
Riveroll, David D. 
Simon, Louis J. 
Simonson, Russell R. 
Slosson, James E. 
Watson, Elizabeth 
White, R. T. 
Wissler, S. G. 
Menlo Park—Sturz, Charles E. 
Mission Beach—Ludwick, John C. 
Oakland—Kleinpell, Robert M. 
Trask, Parker D. 
Pacific Palisades—Traxler, J Douglas 
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Palo Alto—De Lara, Fernando 
Harrington, George L. 
Salvador, Amos 

Pasadena—Adams, Bradford C. 
Israelsky, Merle C. 

Stauffer, Clinton R. 
Stock, Chester 
Thalmann, Hans E. 

Paso Robles—Tarbet, Loyal A. 

Puente—Hicks, Forrest L. 

Rolling Hills—Natland, M. L. 

Rosemead—Anderson, Howard T. 

San Diego—Buffington, Edwin C. 
Carsola, Alfred J. 

Dietz, Robert S. 
Frautschy, Jeffery Dean 
Menard, Henry W., Jr. 
Russell, R. Dana 

San Francisco—Barbat, William F. 

Church, Clifford C. 

Hanna, G Dallas 

Stach, Leo W. 

Weymouth, A. Allen 
Santa Maria—Hughes, Aden W. 
Sausalito—Leith, Carlton J. 





Stanford University—Graham, Joseph J. 


Kelley, Frederic R. 

Levorsen, A. I. 

Schenck, Hubert G. 
Stockton—Waldo, A. W. 
Taft—Klemme, H. Douglas 
Temple City—Gilbert, Orrin W. 
Ventura—Carson, Carlton M. 


COLORADO 


Boulder—Klovstad, Julie Anne 

Toepelman, Walter C. 
Denver—Ansberry, Leroy Eugene 

Bass, N. Wood 

Bramlette, W. A. 

Crowley, A. J. 

Downs, George R. 

Finley, Emmett A. 

Mielenz, Richard C. 

Pfeiffer, David H. 

Robeck, Raymond C. 

Tanner, Joseph J. 
Golden—Johnson, J. Harlan 

LeRoy, Leslie W. 
Longmont—Hayes, John R. 
Pueblo—Dillon, Edward L. 
Rocky Ford—Russom, Vaughn W. 


CONNECTICUT 


Hartford—Stone, Solon W. 
New Haven—Dunbar, Carl O. 


DISTRICT OF COLUMBIA 


Washington—Applin, Esther R. 
Bassler, R. S. 
Bowles, Edgar O. 
Chappars, Michael S. 
Cobban, William A. 
Cohee, George V. 
Cooper, Chalmer L. 
Dante, John Henry 
Gardner, Julia 
Goldman, Marcus I. 
Gordon, MacKenzie 
Hawkins, Harold H. 
Henbest, Lloyd G. 
Knight, J. Brookes 
Ladd, Harry S. 
Larsen, Esper S. 
Lill, Gordon G. 
Loeblich, Alfred R., Jr. 
Manger, G. E. 
Miser, Hugh D. 
Nicol, David 
Payne, Thomas G. 
Péwé, Troy L. 
Schmidt, Ruth A. M. 
Sohn, I. G. 
Tourtelot, Harry A. 
Vaughan, T. Wayland 
Williams, James Steele 
Wrather, W. E. 


FLORIDA 


Orlando—Twenhofel, W. H. 

Plant City—Cathcart, James B. 

Tallahassee—Caldwell, Eleanor T. 
Raasch, Albert C., Jr. 


IDAHO 


Moscow—Youngquist, Walter L. 


ILLINOIS 


Champaign—Boardman, Richard S. 
Caldwell, William S. 
Geisler, Jean M. 
Cherry—Kraye, Robert Frank 
Chicago—Lowenstam, Heinz A. 
Otto, George H. 
Pettijohn, F. J. 
Weller, J. Marvin 
Winterbotham, John Russell, III 
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DeKalb—Caldwell, Loren T. 
Efingham—Bristol, Hubert M. 
Evanston—Dapples, Edward C. 

Krumbein, W. C. 

Sloss, Laurence L. 
Galena—Herbert, Paul, Jr. 
Mt. Vernon—Brehm, Clarence E. 
Rosiclare—Sutton, A. H. 
Salem—Allison, James M. 

Hockman, James N. 
Urbana—Decker, Jack Minrod 

Eveland, Harmon E. 

Hough, Jack Luin 

Kummel, Bernhard 

Locker, Walter A., Jr. 

Mann, John F., Jr. 

Scott, Harold W. 

Sneed, Henry E. 

Wanless, Harold R. 

Weart, Richard C. 

Wilson, George M. 


INDIANA 


Bloomington—Galloway, J. J. 
Evansvi!le—Honess, Charles W. 
Lafayette—Serviss, Fred L. 

Notre Dame—Gutschick, Raymond C. 


IOwA 


Ames—Hussey, Keith M. 
Brandon—Stainbrook, Merrill A. 


lowa City—Berninghausen, William H. 


Jeffords, Russell M. 
Mickelson, John Chester 
Miller, A. K. 

Tester, Allen C. 
Trowbridge, A. C. 


KANSAS 


Emporia—Connolly, Frank T. 
Independence—Studt, Charles W. 
Lawrence—Chakravorty, Sailendra K. 

Fay, Robert O. 

Fischer, Alfred G. 

Frye, John C. 

Ireland, Hubert Andrew 

Lalicker, Cecil G. 

Moore, Raymond C. 

Swineford, Ada 
Ottawa—Keller, James E. 
Wichita—Carmody, Robert A. 

Hurry, Floyd Phillip 

Walters, Robert F. 


LOUISIANA 


Alexandria—Hayes, Raymond B. 
Baker—Toler, Jack C., Jr. 
Baton Rouge—Doeglas, Dirk Jacobus 
Howe, Henry V. 
Macomber, Donald, Jr. 
Murray, Grover E. 
Pittman, James S., Jr. 
Puri, Harbans Singh 
Sexton, James V.° 
Tator, Benjamin A. 
Wang, Kia-Kang 
Wilbert, Louis J., Jr. 
Lake Charles—Anderson, Irvin J. 
Camacho, Enrique 
Clark, Robey H. 
Latta, Lee Allen 
Morrow, A. Lyndon 
Tipsword, Howard Lee 
New Orleans—Akers, Wilburn H. 
Everett, Robert W., Jr. 
Henton, John Melvin, Jr. 
Herring, Lois Schulz 
Kauffman, Arnold E. 
Seashore, P. T. 
Turner, Francis E. 
Shreveport—Caldwell, Barbara Summerill 
Craver, Frank S., Jr. 
Hazzard, Roy T. 
Moody, Clarence L. 
Philpott, Thomas H. 
Robinson, Van D. 
Scott, Edward W. 


MAINE 
Lewiston—Fisher, Lloyd W. 


MARYLAND 


Baltimore—Gutstadt, Allan M. 
Hyattsville—Reeside, John B., Jr. 


MASSACHUSETTS 


Amherst—Wilson, Leonard R. 
Cambridge—Hartshorn, Joseph H. 

Meyer, Richard F. 

Said, Rushdy 

Shrock, Robert R. 

Stetson, Henry C. 
Marblehead—Williams, John R. 
Northampton—Shaub, Benjamin M. 


MICHIGAN 


Ann Arbor—Kellum, Lewis B. 
Taylor, Dwight W. 
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Detroit—Sanford, John T. 
East Lansing—Kelly, William A. 


MINNESOTA 


Minneapolis—Goldich, Samuel S. 
Palmer, Allison R. 
Swain, Fred M. 
Northfield—Stewart, Duncan 


MISSISSIPPI 


Jackson—Braunstein, Jules 
Holden, Frederick T. 
Martin, James L., Jr. 
Monsour, E. T. 
Sellin, H. A. 
Laurel—Hughes, Urban B. 
Meridian—Lyth, A. L., Jr. 
State College—Hughes, R. J., Jr. 


MIssourRI 


Columbia—Branson, Carl C. 

Branson, E. B. 

Keller, W. D. 

Peck, Raymond E. 
Ferguson—Echols, Dorothy Jung 
Kansas City—Ball, John Rice 

Greene, Frank C. 
Rolla—Frizzell, Don L. 

St. Louis—Hinchey, Norman S. 

Levinson, Stuart A 

Nadeau, Betty Kellett 


MONTANA 
Billings—Sonnenberg, Frank P. 
Butte—Hanson, Alvin M. 

NEBRASKA 


Lincoln—Elias, Maxim K. 
Lugn, Alvin L. 
Reed, Eugene C. 


NEw JERSEY 


East Orange—Morris, Robert H. 
Eatontown—Lutz, Alan 


New Brunswick—Martens, James H. C. 


Princeton—Hess, Harry H. 
Howell, B. F. 
Van Houten, Franklyn B. 
Summit—Pardo, Georges 


West Englewood—McMaster, Robert L. 


NEw MExIco 


- Albuquerque—Smith, Ralph E. 
Thorp, Eldon M. 
Wengerd, Sherman A. 


Jal—Taylor, Warren L. 
Roswell—Ley, Ross Henry 
Winkler, Hans 


NEw YorK 


Albany—Grossman, I. 
Buffalo—Hibbard, Raymond R. 
Garden City—Horton, Ernest H. 
Ithaca—Palmer, Katherine V. W. 

Ries, Heinrich 
New York—Blake, Daniel B. 

Coryell, Horace N. 

Ellis, Brooks Fleming 

Hedberg, Hollis D. 

Jablonski, Eugene 

Kaufmann, Godfrey F. 

Kay, Marshall 

King, Robert Evans 

Messina, Angelina R. 

Newell, Norman D. 

Pyre, Augustin 
Poughkeepsie—Warthin, A. S., Jr. 
Rochester—Alling, Harold L. 
Rye—Brixey, Austin Day, Jr. 
Syracuse—Apfel, Earl T. 
Troy—Beers, Roland F. 


NorTH CAROLINA 
Chapel Hill—Stephenson, Lloyd W. 

NorTH DAKOTA 
Fargo—Pye, Willard D. 

OHIO 
Athens—Sturgeon, Myron T. 
Cincinnati—Rittenhouse, Gordon 
Columbus—Frazier, Noah A. 

Spieker, Edmund M. 
Summerson, Charles H. 


Oxford—Wade, F. Alton 
Tiffin—Wilson, Ira T. 


OKLAHOMA 


Ardmore—Hicks, I. Curtis 
Johnson, William R. 
Jones, Fred B., Jr. 
Neustadt, Walter, Jr. 
Nichols, Herman E., Jr. 
Schweers, Frederick Paul 
Tomlinson, Charles W. 
Westheimer, Jerome Max 
White, Maynard P. 

Bartlesville—Strimple, H. L. 
Weeks, Warren B. 

Chickasha—Brvan, J. Victor 

















SOCIETY RECORDS AND ACTIVITIES 


Duncan—Huff, Jack Newton 
Enid—Baker, Vernon R. 
Clifton, R. L. 
Muir, J. Lawrence 
Norman—Culp, Eugene F. 
Decker, Charles E. 
Dunham, Robert J. 
Frederickson, Edward A. 
Huffman, George G. 
Lucas, Elmer Lawrence 
McNulty, Charles Lee, Jr. 
Moore, Carl A. 
Renfro, Kenneth M. 
Wood, Elmer 
Oklahoma City—Eisner, Stephan M. 
Kate, Frederick H. 
McGee, Dean A. 
Moreman, Walter L. 
Pasquella, George G. 
Pollard, Robert T. 
Richards, J. T. 
Turk, Lon B. 
Whistler, Rex 
Wimbish, Forrest Edwin 
Shawnee—Billingsley, Harold Ray 
Stillwater—Naff, John D. 
Tulsa—Bennison, Allan P. 
Branson, Herberta Van Pelt 
Cruse, John S., Jr. 
Denison, A. Rodger 
Douglass, Harry Marvin 
Feray, Dan Edwards 
Gill, J. P. 
Goldstein, August, Jr. 
Grigsby, R. B. 
Griley, H. L. 
Harlton, Bruce H. 
Hawkins, Glenn D. 
Kauffman, James S. 
Marshall, Lester Ray 
Porterfield, Robert R. 
Riggs, R. J. 
Ryniker, Charles 
Travis, Richard 
Upp, Jerry E. 
Wagner, Carl D. 


OREGON 
Portland—Stewart, Roscoe Emerson 


PENNSYLVANIA 
Bird-in- Hand—Moss, John Hall 
Langhorne—Olsson, A. A. 
Philadelphia—Kammerer, John Craig 
Weeks, H. J. 


Pittsburgh—Cox, Ben B. 
Fettke, Charles R. 
State College—Bressler, Calder T. 
Folk, Robert L. 
Griffiths, J. C. 
Krynine, Paul D. 
Swartz, Frank M. 


SoutH Dakota 
Rapid City—Tullis, Edward L. 
TENNESSEE 
Nashville—Glenn, Leonidas C. 
TEXAS 


Abilene—Conselman, Frank B. 

Fountain, H. C. 

Grubbs, David M. 

Morrison, Robert E. 
Alpine—Cox, Charles Lynwood, Jr. 
Amarillo—Jordan, Louise 

Wagner, C. Richard 

Whipple, G. Leslie 
Austin—Barnes, Virgil E. 

Chatham, Walter, Jr. 

Damon, H. Gordon 

Drummond, Robert V. 

Eifler, G. K., Jr. 

Ellinwood, H. L. 

Ellison, Samuel P., Jr. 

Gimbrede, Louis de A. 

Hayes, James F. 

Lohman, Clarence, Jr. 

Lonsdale, John T. 

Lundelius, Ernest L., Jr. 

Ripple, Alfred L. 

Stead, Frederick L. 

Stenzel, H. B. 

Twining, John T. 

Whitney, F. L. 

Wilson, James Lee 
Bellaire—Holliday, Samuel 

Setzer, Francis M. 
Coleman—Cheney, M. G. 
College Station—Lynch, Shirley A. 

Ramsey, Patrick H. 

Smith, Fred E. 

Corpus Christi—Holcomb, Charles W. 

Nolte, Cliff J. 

Olson, Walter S. 

Owens, Frith Cravens 

Ritts, L. Chase, Jr. 

Thomas, Norman L. 
Dalias—Albritton, Claude C., Jr. 

Clark, John W. 
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DeGolyer, E. 
Grant, Drane Fones 
MacNaughton, Lewis W. 
Stone, Katherine M. Hall 
Thompson, S. A. 

Waters, James A. 
El Paso—Nelson, Lloyd A. 
Encino—M uil, Charles W. 


Fort Worth—Donoghue, David 


Hendricks, Leo 
Matthews, William H., III 
Pfannkuche, Mrs. H. C. 
Schweers, Richard Henry 
Stewart, Wendell J. 
Upson, M. E. 

Winton, W. M. 
Galveston—Ellisor, Alva C. 
Houston—Adkins, W. S. 

Albers, Charles C. 

Baker, William A., Jr. 

Bell, Olin G. 

Bright, Anna Lou 

Campbell, Curran R. 

Carstens, Fred D. 

Colle, Jack O. 

Cotton, Edgar A. 

Cram, Ira H. 

Denham, Richard L. 

Deussen, Alexander 

Ellis, Albert D., Jr. 

Ferguson, H. C. 

Fisk, Harold N. 

Garrett, J. B., Jr. 

Goodrich, Paul K. 

Halbouty, M. T. 

Halsted, Morris E. 

Hanna, Marcus A. 

Hornberger, Joseph, Jr. 

Ikins, William C. 

Kirby, Louie C. 

Koenig, Karl J. 

Lowman, Shepard W. 

McLean, Clarence M., III 

Malicoat, Arthur F. 

Malkin, Doris S. 

Martyn, Phil F. 

Montgomery, J. C. 

Morrison, R. E. 

Nelson, Paul Hugh 

Overton, Charles K. 
Parker, William G. 
Pawley, Julian K. 
Petrusek, Benjamin J. 
Phillips, Henry H. 
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Pyeatt, Lloyd M. 
Reiter, W. A. 
Rolshausen, F. W. 
Roper, Frank C. 
Sample, Charles Hurst 
Sawin, Horace J. 
Selig, A. L. 
Stephenson, Morton B. 
Stubbs, Sidney A. 
Stuckey, Charles W., Jr. 
Tatum, Emmett P. 
West, Glen D. 
Westmoreland, Frank S. 
Woods, Raymond D. 
Lubbock—Patton, Leroy T. 
Sidwell, Raymond 
McAllen—Means, John A. 
Russo, Martin 
Midland—Adams, John Emery 
Arick, Millard B. 
Ewbank, Norman Ware, Jr. 
Frenzel, Hugh N. 
Hollingsworth, R. V. 
Lewis, Jean 
Mills, Lloyd C. 
Montgomery, James Harvey 
Scobey, Ellis H. 
Odessa—Hamilton, I. B. 
San Antonio—Alexander, C. I. 
Morey, Philip S. 
Owen, Edgar W. 
Petty, Dabney E. 
Rogers, James K. 
Sandidge, John R. 
Scrafford, John Bruce I 
Taylor, Jack A. 
Seguin—Kniker, Hedwig T. 
Seymour—Kemp, Augusta Hasslock 
Snyder—Barnes, Sydney U. 
Tyler—Hurlbut, Elvin Millard, Jr. 
Wichita Falls—Bradfield, Herbert H. 
Drake, Robert T. 
King, Ralph H. 


VIRGINIA 


Alexandria—McLean, James D., Jr. 
Lexington—Stow, Marcellus H. 


















WASHINGTON 


Seattle—Coombs, Howard A. 
Weaver, Charles E. 
Tacoma—Rau, Weldon W. 


WISCONSIN 
Beloit—Croneis, Carey 
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Madison—Bostwick, David A. 
Thompson, M. L. 
Tyler, Stanley A. 
Zeller, Edward J. 
Zimmerman, Donald A. 
Platteville—Agnew, Allen F. 
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WYOMING 


Casper—Barkell, Clifford A. 


Lease, Leslie W. 

Reinhart, Philip 

Snider, James Wilson 
Swirczynski, Richard Paul 


OUTSIDE THE UNITED STATES 


ALASKA 
Fairbanks—Hamilton, C. E. 


ALBERTA 

Calgary—Chilton, Mertie Ann 

Fox, Frederick Glenn 

Gleddie, Joseph 

Goodman, A. J. 

Hughes, Richard D 

Lee, A. Theodore 

Nauss, Arthur William 

Spencer, Maria 

Wonfor, John S. 
Edmonton—Campbell, Robert B. 


ALGERIA 


Relizane— Magne, Jean 
ten Dam, Abraham 


ANGOLA 
Luanda—Wallace, Maurice H. 
AUSTRALIA 


Canberra—Crespin, Irene 
Sydney—Brown, Ida A. 
Carroll, Dorothy 
BELGIUM 


Gand—Tavernier, R. 
Liége—Calembert, Leon M. C. 
Ubaghs, Georges J. C. 
Rhode St. Genese—Brognon, Georges P. G. 


BORNEO 


Balik-Papan—Baggelaar, Hermanus 


BRAZIL 
Rio de Janeiro—Still, J. T. 


COLOMBIA 


Barranca Bermeja—Andrews, B. G. 

Bogota—Petters, Viktor 
Schoonover, Jack Gardner 
Stevenson, Frank V. 


CUBA 


Cardenas—Flores, Giovanni 
Havana—Acosta, Jose T. 
Gravell, Donald W. 


DENMARK 
Copenhagen—Flagler, C. W. 
EGYPT 


Cairo—Arni, Paul 
Iskander, Wassif 
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